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ABSTRACT
T r a n s p o r t  o f  f i n e - g r a i n e d  su sp en d e d  s o l i d s  o f  b o th  
o r g a n ic  and in o r g a n ic  o r i g i n  o c c u rs  i n  s a l t  m arsh  d r a in a g e  
sy s te m s  th ro u g h  th e  a c t i o n  o f  t i d a l l y - i n d u c e d  open c h a n n e l 
f lo w . The m ovement o f  t h i s  m a t e r i a l  i s  o f  im p o r ta n c e  t o  
g e o l o g i s t s  who w ish  t o  u n d e rs ta n d  how m arsh es  may h av e  
e v o lv e d  and t o  b i o l o g i s t s  i n v e s t i g a t i n g  th e  p r o d u c t io n  and 
e x p o r t  o f  m arsh  d e t r i t u s  a s  a  s o u rc e  o f  fo o d  f o r  o rg a n is m s . 
The com plex  n a tu r e  o f  t h i s  ty p e  o f  t r a n s p o r t  sy s te m  makes 
d i f f i c u l t  t h e  i n t e r p r e t a t i o n  o f  th o s e  p a t t e r n s  and 
m echanism s o f  t r a n s p o r t  w h ich  r e s u l t  i n  n e t  movement o f  
m a t e r i a l s  i n t o  o r  o u t  o f  th e  m arsh  p r o p e r .  C o n se q u e n tly , a  
d e t a i l e d  s tu d y  h a s  b e en  u n d e r ta k e n  i n  a  t y p i c a l  s a l t  m arsh  
c r e e k  n e a r  W ach ap reag u e , V i r g i n i a ,  w i th  a  tw o fo ld  p u rp o se :
(1 )  t o  d e te rm in e  w i th  some a c c u ra c y  th e  f l u x  o f  m a t e r i a l  
p a s t  a  s t r e a m  c r o s s - s e c t i o n  a t  th e  e n t r a n c e  t o  a  c lo s e d  
c h a n n e l n e tw o rk  d r a i n i n g  a  d e f i n a b le  a r e a  o f  m a rsh , (2 )  t o  
i n v e s t i g a t e  th o s e  p r o c e s s e s  w h ich  te n d  t o  c a u s e  a  r e s i d u a l  
t r a n s p o r t  o f  su sp en d e d  s o l i d s  d u r in g  v a r io u s  t im e s  o f  th e  
y e a r  i n  m arsh  c h a n n e ls .
R e s u l t s  i n d i c a t e  t h a t  f a i r l y  d e t a i l e d  sa m p lin g  in  b o th  
sp a c e  and t im e  i s  r e q u i r e d  t o  o b t a in  m ore th a n  c a s u a l  
e s t im a te s  o f  r e s i d u a l  t r a n s p o r t ,  ev en  a s  r e g a r d s  th e  
d i r e c t i o n ,  i n  s m a ll  m arsh  c r e e k s .  Among th e  m o st im p o r ta n t  
f a c t o r s  g o v e rn in g  th e  l e v e l  o f  t r a n s p o r t  a r e :  (1 )  th e  annual, 
w a te r  te m p e ra tu re  c y c le  w h ich  m o d u la te s  t h e  am ount o f  
e r o s io n  and t u r b u l e n t  s u s p e n s io n  o f  c o h e s iv e  b o tto m  s e d i ­
m e n ts , (2 )  an  a n n u a l c y c le  i n  s t e r i c  s e a  l e v e l  w h ich  p ro d u c e s  
s i g n i f i c a n t  v a r i a t i o n s  i n  th e  f re q u e n c y  o f  o c c u r re n c e  o f  th e  
h i g h e r  d i s c h a r g e  vo lum es e n t e r in g  and le a v in g  t h e  m arsh  
(a n  in d e x  o f  f l u s h i n g  a c t i v i t y ) ,  (3 ) w ind s t r e s s  e f f e c t s .  
O th e r  f a c t o r s  c o n s id e r e d  im p o r ta n t  i n  te rm s  o f  r e s i d u a l  
t r a n s p o r t  a r e :  (1 ) o b se rv e d  a sy m m e trie s  i n  t im e -v a r y in g  
c u r r e n t  sp e ed  maxima c a u se d  p r i m a r i l y  by m arsh  and c h a n n e l 
to p o g ra p h ic  form  a n d , t o  a  l e s s e r  e x t e n t ,  s h a l lo w  w a te r  
t i d e s ,  (2 )  h e a t  ex ch an g e  p r o c e s s e s  on th e  m arsh  d u r in g  
i n d i v i d u a l  t i d a l  c y c l e s ,  (3 ) a d v e c t iv e  p r o c e s s e s  a c t in g  
b e tw een  m a rsh e s  and a d ja c e n t  b ay s  and t i d a l  f l a t s .
The t e n t a t i v e  i n t e r p r e t a t i o n  made o f  th e  d a t a  a t  hand  
h o ld s  t h a t  t h e  s m a ll  c h a n n e ls  i n c i s i n g  th e  m arsh  a r e ,  on 
b a la n c e ,  a  co n v ey an ce  f o r  n e t  rem o v a l o f  se d im e n t h a v in g  a 
f a i r l y  c o n s i s t e n t  c o m p o s it io n , 10-15% o f  w h ich  i s  c o m b u s ti­
b l e  o r g a n ic  m a t e r i a l .  The s o u rc e  o f  m o st o f  th e  se d im e n t
x
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i s  t o  b e  fo u n d  a t  th e  h e a d s  o f  th e  f i r s t - o r d e r  c h a n n e l 
seg m en ts  w h i le  some d e p o s i t i o n  d o e s  o c c u r  a lo n g  th e  m ain 
c h a n n e l  l e v e e s .  O th e r  av en u es  o f  t r a n s p o r t ,  f o r  exam ple 
a lo n g  th e  o u t e r  m arsh  p e r im e te r ,  sh o u ld  b e  e x p lo re d  to  
a c c o u n t  f o r  th e  c o n t in u in g  v e r t i c a l  g ro w th  o f  th e  m arsh . 
In  a d d i t i o n ,  th e  e f f e c t s  o f  s to rm  r e l a t e d  e v e n ts  rem a in  
open  to  q u e s t io n .
x i
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INTRODUCTION
The p u rp o se  o f  t h i s  s tu d y  i s  t o  i n v e s t i g a t e  a  num ber 
o f  th e  dynam ic  p r o c e s s e s  o p e r a t in g  i n  a  t y p i c a l  s a l t  m arsh  
d r a in a g e  sy s te m  and to  e v a l u a t e  t h e i r  im p o r ta n c e  in  te rm s 
o f  s e d im e n t t r a n s p o r t .  T h is  ty p e  o f  d r a in a g e  n e tw o rk  fo rm s 
a  b a s i c  t r a n s p o r t a t i o n  l i n k  f o r  s e d im e n ts  m oving b e tw een  
th e  m arsh  p r o p e r ,  i t s e l f  a  c r e a t i o n  o f  s e d im e n ta ry  p r o c e s s e s ,  
and th e  l a r g e r  b o d ie s  o f  w a te r  a d ja c e n t  t o  th e  m a rsh . S in c e  
th e  a l t e r n a t i n g  t i d a l  f lo w  w i th in  m arsh  c h a n n e ls  t r a n s p o r t s  
p a r t i c u l a t e  m a t t e r  o f  b o th  o r g a n ic  and in o r g a n ic  o r i g i n  i n  
b o th  i n n e r  ( f lo o d )  and o u t e r  (eb b ) d i r e c t i o n s  r e l a t i v e  to  
t h e  m a rs h , some o f  th e  b a s i c  q u e s t io n s  w h ich  c o n f r o n t  th e  
i n v e s t i g a t o r  a r e :
1) W hat p r o c e s s e s  a c t  t o  a c h ie v e  a  n e t  t r a n s p o r t  
o f  s e d im e n t i n  e i t h e r  d i r e c t i o n  v i a  th e  c h a n n e l 
n e tw o rk ; i . e . ,  w hich  a r e  m arsh  c o n s t r u c t i v e  and 
w hich  a r e  m arsh  d e s t r u c t i v e ?
2) W here a r e  s e d im e n ts  m o st l i k e l y  t o  b e  d e p o s i te d  
w i th in  a  m a rsh ; w here  a r e  th e y  m ost l i k e l y  t o  
e ro d e ?
3) W hat i s  th e  c o m p o s it io n  o f  t h e  m a t e r i a l  i n  
t r a n s i t  in  te rm s  o f  o r g a n ic  and  in o r g a n ic  
c o n s t i t u e n t s ?  How do th e s e  c o n s t i t u e n t s  
re s p o n d  to  th e  t r a n s p o r t  p ro c e s s  when 
c o n s id e r e d  s e p a r a t e l y ?
4) W hat s e a s o n a l  o r  lo n g - te r m  t r e n d s  can  b e  
o b se rv e d  in  p a t t e r n s  o f  m arsh  se d im e n t 
t r a n s p o r t ?  W hat a r e  th e  im p l i c a t i o n s  
r e g a r d in g  th e  e v o lu t io n  o f  th e  m arsh?
2
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3A nsw ers t o  th e s e  q u e s t io n s  a r e  a s  y e t  in c o m p le te .
B ecau se  o f  t h e  com plex  n a tu r e  o f  w a te r  and  s e d im e n t m ovem ent 
i n  and a ro u n d  m a rs h e s , i t  i s  d i f f i c u l t  t o  m odel th e  b e h a v io r  
o f  any  i s o l a t e d  segm en t o f  th e  t r a n s p o r t  s y s te m . On a  g iv e n  
d a y , th e  m arsh  d r a in a g e  sy s te m  may a p p e a r  a s  a  common 
exam ple  o f  an  open  c h a n n e l  f lo w  re g im e  a t  one s t a g e  o f  th e  
t i d e  and an  exam ple  o f  an in u n d a te d  f lo o d  p l a i n  a t  a n o th e r  
s t a g e .
In  t h i s  w ork , th e  a u t h o r 's  m ain  o b j e c t i v e  h a s  been  t h a t  
o f  o b ta in in g  a n sw e rs  t o  q u e s t io n s  (1 ) th ro u g h  (4 )  by 
u n d e r ta k in g  a  d e t a i l e d  s tu d y  o f  s e d im e n ts  and se d im e n t 
t r a n s p o r t  p r o c e s s e s  i n  a  s i n g l e ,  c lo s e d - c h a n n e l  d r a in a g e  
n e tw o rk ; i . e . ,  one whose u p p e rm o s t t r i b u t a r i e s  end on th e  
m arsh  w i th in  a  d r a in a g e  b a s i n  o f  d i s c e r n i b l e  fo rm  a t  a l l  b u t  
th e  h i g h e s t  s t a g e s  o f  th e  t i d e .  E xam ples o f  t h i s  ty p e  o f  
sy s te m  a r e  f a i r l y  common i n  m arsh  e n v iro n m e n ts  and  th e  
r e s u l t s  o b ta in e d  sh o u ld  h a v e  g e n e r a l  a p p l i c a b i l i t y .
The a s su m p tio n  i s  made t h a t  m o st o f  th e  se d im e n t in  
t r a n s i t  w i th in  th e  r e g io n  o f  s tu d y  i s  c a r r i e d  i n  s u s p e n s io n  
and n o t  a s  b e d lo a d  in  v ie w  o f  th e  c o h e s iv e  n a tu r e  o f  th e  
s e d im e n ts  i n  th e  m arsh  c h a n n e ls .  I n t e r p a r t i c l e  bonds in  
f i n e ,  c o h e s iv e  s e d im e n ts  n o rm a lly  y i e l d  o n ly  to  t r a c t i v e  
f o r c e s  t h a t  a r e  s u f f i c i e n t  to  p la c e  i n d i v i d u a l  p a r t i c l e s  o r  
t h e i r  a g g re g a te s  d i r e c t l y  i n t o  s u s p e n s io n .
The p r im a ry  m easu rem en ts  r e q u i r e d  t o  a c h ie v e  th e  s t a t e d  
o b j e c t i v e s  a r e  th o s e  n e c e s s a r y  t o  com pute su sp en d e d  s e d im e n t 
f l u x  (d ry  m ass p e r  u n i t  t im e )  p a s t  a  s t r e a m  c r o s s  s e c t i o n  a t
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4t h e  e n t r a n c e  t o  th e  m arsh  d r a in a g e  n e tw o rk . The f l u x  a t  any  
p o i n t  i n  t im e  w i l l  b e  o b ta in e d  a s  th e  p ro d u c t  o f  c r o s s -  
s e c t i o n a l  a v e ra g e  c u r r e n t  s p e e d , c r o s s - s e c t i o n a l  a v e ra g e  
su sp en d e d  se d im e n t c o n c e n t r a t i o n ,  and c r o s s - s e c t i o n a l  a r e a .  
T im e - in t e g r a t i o n  o f  th e  c u rv e  o f  su sp en d e d  s e d im e n t f l u x  
o v e r  c o m p le te  t i d a l  c y c le s  th e n  y i e l d s  th e  r e s i d u a l  (n o n - 
t i d a l )  t r a n s p o r t  a s  th e  d i f f e r e n c e  b e tw een  f lo o d  and ebb 
su sp e n d e d  s e d im e n t t r a n s p o r t .  R e s id u a l  t r a n s p o r t s ,  h a v in g  
m a g n itu d e  and d i r e c t i o n  ( i n t o  o r  o u t  o f  th e  m a r s h ) , a r e  an 
im p o r ta n t  f a c t o r  i n  th e  s e d im e n ta ry  b u d g e t o f  th e  m arsh .
In  p r a c t i c e ,  th e  s u c c e s s  o f  th e  above p ro c e d u re  d ep en d s 
h e a v i l y  on p ro p e r  in s t r u m e n ta t io n  and m ethods u se d  in  
m e a su r in g  c u r r e n t  sp e ed  and su sp en d e d  se d im e n t c o n c e n t r a t i o n .
C are  m ust b e  e x e r c i s e d  b o th  i n  o b ta in in g  th e s e  m ea su re s  and 
in  co m p u tin g  t h e i r  s p a c e - t im e  a v e ra g e s  i n  th e  s t r e a m  c r o s s -  
s e c t i o n .  The in s t r u m e n ta t io n  and m ethods a d o p te d  by th e  
p r e s e n t  a u th o r  a r e  t h e r e f o r e  d e s c r ib e d  in  a s e p a r a t e  s e c t i o n .  
E r r o r  a n a l y s i s  and e x p e r im e n ta l  d e s ig n  a r e  d is c u s s e d  i n  an 
a d jo in in g  s e c t i o n .
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REVIEW OF PREVIOUS STUDIES 
D evelopm ent o f  S a l t  M arshes and  S a l t  M arsh D ra in a g e  C h an n els
S a l t  m arsh es  a r e  c h a r a c t e r i z e d  by  f i n e  se d im e n t accum u­
l a t i o n s  in  p r o t e c te d  s h a l lo w -w a te r  m a rin e  e n v iro n m e n ts  w ith  
l im i t e d  r i v e r  in f lo w  and an  a s s o c i a t e d  b i o t a  a t tu n e d  to  
v a ry in g  d e g re e s  o f  s a l t  w a te r  subm ergence (Chapman, 1 9 6 0 ). 
G u i lc h e r  (1958) d e s c r ib e d  th e  d e t a i l e d  h i s t o r y  o f  m arsh es  
a s  " e x tre m e ly  c o m p lic a te d "  b u t  o b se rv e d  t h a t  th e y  o f t e n  
d e r i v e  t h e i r  form  fro m  d e p o s i t i o n  in  a r e a s  drow ned by  
t r a n s g r e s s i n g  s e a s .  A k ey  f e a t u r e  was o b se rv e d  by Mudge 
( i n  Jo h n s o n , 1 9 2 5 ); n a m e ly , t h a t  r e l a t i v e l y  g r e a t  t h i c k ­
n e s s e s  o f  m arsh  p e a t  o f  th e  v a r i e t y  form ed by  p l a n t s  g row ing  
a t  o r  n e a r  h ig h  w a te r  l e v e l  m ust i n d i c a t e  a  p r o g r e s s iv e  
subm ergence  and accom panying  b u i ld u p  o f  th e  m arsh  f a c i e s .
R e d f ie ld  (1 9 6 5 ) , in  a  c l a s s i c  p a p e r ,  p r e s e n te d  a  
d e t a i l e d  s tu d y  o f  an  i s o l a t e d  s a l t  m arsh  in  Cape Cod, 
M a s s a c h u s e t ts .  A c c o rd in g  to  h im , th e  p r o c e s s  o f  m arsh  
d e v e lo p m e n t b e g in s  w i th  a  p r o t e c te d  embayment h a v in g  a 
s h a l lo w , san d y  b o tto m  and p ro c e e d s  to  a  s t a g e  w here  mud 
f l a t s  a c c u m u la te  a lo n g  th e  p e r ip h e r y  due  t o  s i l t a t i o n  a t  a  
r a t e  e q u a l  to  o r  i n  e x c e s s  o f  subm ergence . The mud f l a t s  
a r e  e v e n tu a l ly  e le v a t e d  above low t i d e  l e v e l  and m ig r a t in g  
d r a in a g e  b a s in s  a r e  form ed i n  them  w here  l o c a l  d e p re s s io n s
5
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e x i s t .  Once s u f f i c i e n t  p e r io d s  o f  s u b a e r i a l  e x p o su re  a r e  
a c h ie v e d ,  p io n e e r  v e g e t a t i o n  ( i n  t h i s  c a s e  S p a r t in a  
a l t e m i f l o r a )  ta k e s  r o o t  i n  s c a t t e r e d  a r e a s  and  c a u s e s  
a c c e l e r a t e d  d e p o s i t io n  due to  th e  te n d e n c y  o f  th e  r o o t s  and 
s te in s  to  t r a p  se d im e n ts  and r e d u c e  th e  e r o s iv e  pow er o f  
c u r r e n t s .  T h is  zone o f  v e g e t a t i o n  e x te n d s  o v e r  th e  u p p e r  
tw o - th i r d s  o f  th e  i n t e r t i d a l  r e g io n  and i s  d e s ig n a te d  low  
m a rsh . The i n i t i a l  c o lo n ie s  o f  p l a n t s  e x i s t  i n  i s o l a t e d  
p a tc h e s  b u t  th e s e  l a t e r  c o n v e rg e  th ro u g h  l a t e r a l  g ro w th  i n t o  
c o n tin u o u s  m arsh  c o v e r .  B ehind  th e  ad v an ce  o f  low m a rsh , 
d e p o s i t i o n  in  th e  e s t a b l i s h e d  a r e a s  r e s u l t s  i n  v e r t i c a l  
g row th  so  t h a t  s u c c e e d in g  p l a n t s  ( S p a r t in a  p a t e n s ,
D i s t i c h l i s  s p i c a t a  and o th e r s )  fo rm  th e  h ig h  m arsh  zone  o f  
v e g e t a t i o n  n e a r  th e  l e v e l  o f  mean h ig h  t i d e .  H igh m arsh  
zo n es a r e  c h a r a c t e r i z e d  by a  f l a t  and  l e v e l  a p p e a ra n c e  and 
may h a v e  c o n s id e r a b le  e x t e n t .  L iv in g  h ig h  m arsh  v e g e t a t i o n  
i s  o n ly  i n t e r m i t t e n t l y  c o v e re d  by  th e  h ig h e r  t i d e s .
A num ber o f  i n v e s t i g a t o r s  h a v e  d e s c r ib e d  p r o c e s s e s  by 
w hich  m arsh  c h a n n e ls  may fo rm  and d e v e lo p .  A lth o u g h  common 
e le m e n ts  i n  th e s e  p ro c e s s e s  w ere  r e c o g n iz e d ,  g e n e r a l  
ag reem en t on t h e i r  im p o rta n c e  h a s  n o t  b een  re a c h e d .
R e d f ie ld  (1965 , p p . 1 13 -114 ) o b se rv e d  t h a t  t i d a l  f l a t  
embayments c o n ta in e d  d r a in a g e  c h a n n e ls  t h a t  w ere  m ore o r  
l e s s  f r e e  t o  m eander in  th e  u n c o n s o l id a te d  f i n e  sa n d s  and 
muds o f  th e  f l a t s ,  b u t  t h a t  m arsh  v e g e t a t i o n  te n d e d  to  
advance  o v e r  th e s e  f l a t s  and c o n v e rg e  on th e  c h a n n e l so  t h a t  
th e y  e v e n tu a l ly  a t t a i n e d  an e s s e n t i a l l y  f ix e d  a r e a l
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7c o n f i g u r a t i o n  w i th in  th e  m arsh .
Chapman (1 9 6 0 , p p . 2 9 -3 2 ) and S t e e r s  (1 9 6 4 , p p . 5 1 8 , 
523) n o te d  a  s i m i l a r  o r i g i n  f o r  m arsh  c h a n n e ls  and c r e e k s  
i n  th e  B r i t i s h  I s l e s ,  b u t  a l s o  m en tio n ed  t h a t  th e s e  
c h a n n e ls  may become b lo c k e d  th ro u g h  b an k  u n d e r c u t t in g  to  
fo rm  s t a g n a n t  c h a n n e l p an s o r  may a c t u a l l y  grow  headw ard  by 
a  p r o c e s s  o f  e r o s io n .  H ow ever, S t e e r s  (1 9 6 4 , p .  525) 
c o n c lu d e d  t h a t  su ch  e r o s io n  was " . . .  i n  th e  o p in io n  o f  th e  
w r i t e r ,  a  d i s t i n c t l y  s e c o n d a ry  p ro c e s s  i n  c r e e k  fo rm a tio n  
a s  com pared w ith  th e  upw ard b u i ld in g  on d e v e lo p in g  m a r s h e s ."
Chapman (1 9 6 0 , p . 31) d e s c r ib e d  t h r e e  s e p a r a t e  p h a se s  
o f  c r e e k  d e v e lo p m e n t: 1) an a c t i v e  y o u th f u l  p h a se  when head  
e r o s io n  may o c c u r  c o n c o m ita n t  w ith  r a p i d  m arsh  a c c r e t i o n  and 
c r e e k  d e e p e n in g , 2) a  m a tu re  p h a se  w i th  f u r t h e r  a c c r e t i o n  
accom pan ied  by e x te n s iv e  l a t e r a l  e r o s io n  th ro u g h  u n d e r ­
c u t t i n g ,  3) a  s e n i l e  p h a se  when v e g e t a t i o n  p re d o m in a te s  and 
p o r t i o n s  a r e  s u c c e s s iv e ly  c u t  from  th e  h ead  o f  th e  c r e e k  to  
fo rm  p a n s , o r  may c o v e r  th e  c r e e k  e n t i r e l y  so  t h a t  d r a in a g e  
ru n s  u n d e rg ro u n d  ( s m a ll  t r i b u t a r i e s  o n ly ;  m ain  c re e k s  
r e m a in in g  o p e n ) .
A r e c e n t  s tu d y  o f  m arsh  d r a in a g e  sy s te m s i n  th e  Lower 
San F r a n c i s c o  Bay a r e a  by  P e s t ro n g  (1965) d e s c r ib e d  a 
d i s t i n c t i v e  d i f f e r e n c e  in  f lo w  r e l a t i o n s h i p s  b e tw een  th e  
u p p e r  and lo w e r t r i b u t a r i e s .  S m all u p p e r  t r i b u t a r i e s  w ere  
o b se rv e d  to  h av e  u n i d i r e c t i o n a l  f lo w  s u g g e s t iv e  o f  
t e r r e s t r i a l  s tre a m s  w h ereas  th e  l a r g e r  seaw ard  c h a n n e ls  
d e m o n s tra te d  an  a l t e r n a t i n g  f lo w  t y p i c a l  o f  t i d a l  re g im e s .
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The u n d e r ly in g  c a u s e  o f  t h i s  e f f e c t  seem s u n c l e a r .  P e s t ro n g  
c o n c lu d e d  t h a t  th e  s m a ll  c h a n n e ls  h a v e  g eo m o rp h ic  
c h a r a c t e r i s t i c s  s i m i l a r  to  th o s e  o f  t e r r e s t r i a l  s t r e a m s  and 
g u l l i e s  i n c l u d i n g ,  i t  i s  p re su m ed , h ead w ard  e r o s i o n  tow ard  
h i g h e r  e l e v a t i o n s .
C o n c e rn in g  th e  v e r t i c a l  g ro w th  c a u se d  b y  se d im e n t 
a c c u m u la t io n  on m a rs h e s ,  Chapman (1 9 6 0 , p p . 3 5 -4 4 )  and 
S t e e r s  (1 9 6 4 , p p . 5 2 6 -5 3 5 ) o b ta in e d  m ea su re m e n ts  show ing  
t h a t  d i f f e r e n t  p o r t i o n s  o f  E n g l is h  m arsh es  p o s s e s s e d  a  
d i s t i n c t i v e  v a r i e t y  o f  g ro w th  r a t e s .  T y p ic a l l y ,  s e d im e n ta ­
t i o n  r a t e s  w ere  h i g h e s t  on low  m arsh es  and lo w e s t  on h ig h  
m a rs h e s ,  w i th  maximum r a t e s  o c c u r r in g  n e a r  l a r g e  c r e e k s  and 
m in im a l r a t e s  o c c u r r in g  a lo n g  th e  h i g h e s t  p o r t i o n s  o f  th e  
m a rsh . T h is  d i f f e r e n t i a t i o n  was a t t r i b u t e d  t o  t h e  te n d e n c y  
o f  a  m arsh  to  a c c u m u la te  s e d im e n ts  s lo w ly  u n t i l  a  t h i c k  
s p re a d  o f  v e g e t a t i o n  had  b e e n  e s t a b l i s h e d ,  th e n  to  p r o g r e s s  
v e r t i c a l l y  a t  a  r a p i d  r a t e  u n t i l  th e  am ount o f  t i d a l  
f lo o d in g  f a l l s  o f f  and a  much re d u c e d  a c c u m u la t io n  e n s u e s .
Chapman (1 9 6 0 , p . 4 3 ) ,  fro m  s t u d i e s  o f  a  m arsh  n e a r  
B o s to n , M a s s a c h u s e t t s ,  e s t im a te d  t h a t  490 y e a r s  w ere  
r e q u i r e d  f o r  a  5 f t .  s e c t i o n  o f  low  m arsh  to  a c c u m u la te  
w h e re a s  600 y e a r s  w ere  r e q u i r e d  f o r  a  1 .5  f t .  s e c t i o n  o f  
h ig h  m arsh  p e a t  t o  a c c u m u la te .
T r a n s p o r t  P r o c e s s e s  i n  M arsh and T id a l  F l a t  E n v iro n m en ts
Among th e  m o st n o te d  s t u d i e s  d e a l in g  w i th  p r o c e s s e s  o f  
su sp en d e d  se d im e n t t r a n s p o r t  w ere  th o s e  c a r r i e d  o u t  i n  th e  
D utch  Wadden S ea  by  P ostm a (1 9 5 4 , 1961 , 1967) and by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9Van S t r a a t e n  and K uenen (1 9 5 7 , 1 9 5 8 ) . The p r i n c i p l e  c o n c e rn  
o f  t h e s e  i n v e s t i g a t o r s  was t h e  i d e n t i f i c a t i o n  o f  th e  s o u rc e  
o f  l a r g e  vo lum es o f  f i n e  se d im e n t d e p o s i te d  w i th in  th e  
e x te n s iv e  i n t e r t i d a l  r e g io n s  o f  t h i s  b o d y . A g r a d i e n t  in  
th e  c o n c e n t r a t i o n  o f  f i n e - g r a i n e d  su sp en d e d  m a t t e r ,  
d e c r e a s in g  from  th e  i n n e r  p o r t io n s  o f  th e  Wadden S ea to w ard s  
th e  N o r th  S ea  t i d a l  i n l e t s ,  was o b se rv e d  w h ich  was m ain ­
t a i n e d  in  th e  f a c e  o f  s t r o n g  t i d a l  f l u s h i n g  and w h ich  c o u ld
n o t  b e  e x p la in e d  by  m arsh  o r  t i d a l  f l a t  e r o s io n  o r  r i v e r
in f lo w . T h u s , f o r  th e  g r a d i e n t  to  b e  m a in ta in e d ,  a  n e t  
lan d w ard  t r a n s p o r t  o f  su sp en d e d  se d im e n t from  th e  N o rth  Sea 
was r e q u i r e d .
A m echanism  f o r  n e t  su sp en d e d  se d im e n t t r a n s p o r t
lan d w ard  in  th e  Wadden S ea  was p u t  f o r t h  by  th e  above
a u th o r s  i n c o r p o r a t i n g  th e  e f f e c t s  o f  s e t t l i n g  l a g  and 
s c o u r in g  l a g .. B r i e f l y ,  t h e  m echanism  may b e  e x p la in e d  by 
f o l lo w in g  a  h y p o t h e t i c a l  w a te r  m ass d u r in g  a  t i d a l  c y c le .
As t h e  w a te r  m ass moves lan d w ard  a t  th e  o n s e t  o f  f lo o d  
c u r r e n t ,  s e d im e n t moves w i th  i t ,  m a in ta in e d  in  s u s p e n s io n  
by  th e  tu r b u le n c e  a s s o c i a t e d  w ith  th e  f lo w . When th e  
v e l o c i t y  d e c r e a s e s  n e a r  th e  end o f  f l o o d ,  a  p o in t  i s  re a c h e d  
a t  w h ich  th e  s e d im e n t p a r t i c l e s  w i l l  b e g in  to  s e t t l e ;  
h o w e v e r, th e  p a r t i c l e s  do n o t  r e a c h  b o tto m  im m e d ia te ly , b u t  
c o n t in u e  lan d w ard  some d i s t a n c e  b e f o r e  d e p o s i t i o n  ( s e t t l i n g  
l a g ) .  A t th e  o n s e t  o f  e b b , a  s i g n i f i c a n t l y  g r e a t e r  v e l o c i t y  
i s  r e q u i r e d  tc  re s u s p e n d  th e  p a r t i c l e s  th a n  to  m a in ta in  
s u s p e n s io n ,  w hereupon  t h e r e  i s  a  d e la y  in  e n tr a in m e n t
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( s c o u r in g  la g )  and th e  u n i t  w a te r  m ass w h ich  e v e n tu a l ly  
c a r r i e s  th e  p a r t i c l e s  seaw ard  i s  n o t  th e  o r i g i n a l  m ass b u t  
one t h a t  h a s  come from  f a r t h e r  lan d w ard  th a n  th e  o r i g i n a l .
The com bined e f f e c t  i s  augm ented  by an  assum ed l i n e a r  
d e c r e a s e  i n  a v e ra g e  t i d a l  c u r r e n t  s t r e n g t h  la n d w a rd .
G roen (1 9 6 7 , p . 565) p o in te d  o u t  s e v e r a l  sh o r tc o m in g s  
i n  th e  s e t t l i n g  l a g  -  s c o u r in g  l a g  c o n c e p t ,  p r i m a r i l y  n o t in g  
t h a t  one c a n n o t  t r e a t  i n d iv i d u a l  w a te r  m asse s  and se d im e n t 
p a r t i c l e s  a s  b e in g  c o n s t r a in e d  in  t h e i r  b e h a v io r  by  th e  mean 
w a te r  v e l o c i t y  a t  any p o i n t .  I n  r e a l i t y ,  th e  s t a t i s t i c a l  
b e h a v io r  o f  a  l a r g e  p o p u la t io n  o f  su sp en d ed  p a r t i c l e s  i s  
d e te rm in e d  by  th e  mean c u r r e n t  sp e e d  and a t t e n d a n t  l e v e l s  o f  
t u r b u le n c e .  G roen th e n  d e v e lo p e d  a m a th e m a tic a l  m odel o f  
su sp en d e d  s e d im e n t t r a n s p o r t  i n  a l t e r n a t i n g  t i d a l  f lo w s 
w h ich  to o k  n o te  o f  t h e  o b se rv e d  d i s t o r t i o n  in  f lo w  c u rv e s  
a s  com pared to  t h e  n e a r l y  s i n u s o i d a l  sh a p e  o f  th e  t i d e  
c u rv e .  The m ain  c o n seq u e n ce  o f  t h i s  d i s t o r t i o n  was t h a t  
maximum flo w  v e l o c i t i e s  w ere  n o t  e v e n ly  d i s t r i b u t e d  w i th in  
th e  t i d a l  c y c l e ;  i . e . ,  an  asym m etry  e x i s t s  i n  th e  p o s i t i o n  
o f  th e s e  maxima w i th  r e s p e c t  to  th e  t im e s  o f  s l a c k  w a te r .
G ro e n 's  m odel was in te n d e d  f o r  t i d a l  f l a t  c h a n n e ls  i n  w hich  
maximum c u r r e n t  s t r e n g t h s  o c c u r  s h o r t l y  b e f o r e  and a f t e r  th e  
low  w a te r  s l a c k  p o r t i o n  o f  th e  c y c l e .  G iven  s im u la te d  flo w  
c u rv e s  and a  q u a d r a t i c  fo rm u la  f o r  s e d im e n t lo a d  a s  a 
f u n c t i o n  o f  v e l o c i t y ,  t h e  m odel p r e d i c t e d  t h a t  th e  o n s e t  o f  
f lo o d  w ould b e  im m e d ia te ly  p re c e d e d  by a  p e r io d  o f  h ig h e r  
c u r r e n t  v e l o c i t i e s  (w i th  h ig h e r  tu r b u le n c e  and su sp en d ed
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lo a d )  th a n  w ould p re c e d e  th e  o n s e t  o f  e b b , r e s u l t i n g  i n  a 
n e t  lan d w ard  t r a n s p o r t  o f  su sp en d e d  s e d im e n t o v e r  th e  
c o m p le te  t i d a l  c y c l e .  G roen s t a t e d  t h a t  d i f f e r e n c e s  o f  a s  
much a s  38% betw een  f lo o d  and ebb t r a n s p o r t  m ig h t o c c u r  w i th  
no  n e t  d is c h a r g e  o f  w a te r .
I t  i s  a p p a r e n t ly  n o t  th e  c a s e ,  h o w ev er, t h a t  a l l  t i d a l  
c h a n n e ls  d e m o n s tra te  a  c u r r e n t  asym m etry  w h ich  w ould f a v o r  
lan d w ard  t r a n s p o r t  a s  i n  G ro e n 's  a n a l y s i s .  V e lo c i ty  c u rv e s  
f o r  m arsh  c re e k s  e n te r in g  th e  Potom ac R iv e r  in  V i r g i n ia  
(M y rick  and L e o p o ld , 1963 , p . B12) and in  th e  San F r a n c is c o  
Bay a r e a  ( P e s t r o n g ,  1965 , p . 19) show a sy m m e trie s  i n  w hich 
th e  ebb p h a se  i s  p re c e d e d  by  h ig h e r  v e l o c i t i e s ,  maximum 
c u r r e n t  s t r e n g th s  o c c u r r in g  one to  two h o u r s  b e f o r e  and 
a f t e r  th e  h ig h  w a te r  s t a g e .
A p a r t  from  p h e n o m e n o lo g ic a l d e s c r i p t i o n s  o f  c o n c e n tr a ­
t i o n  and v e l o c i t y  ( e . g . ,  t h e  v a r io u s  " la g "  e f f e c t s ) ,  t h e r e  
h a v e  b een  few  f i e l d  s t u d i e s  to  d a te  t h a t  in v o lv e  a c t u a l  
m easu rem en ts  o f  su sp en d ed  s o l i d s  t r a n s p o r t  in  m a rsh e s .
De La C ruz (1 9 6 5 ) , in  a s tu d y  o f  p a r t i c u l a t e  o rg a n ic  
d e t r i t u s  i n  th e  s a l t  m arsh es  o f  G e o rg ia ,  c a l c u l a t e d  th e  
t r a n s p o r t  o f  t h i s  m a t e r i a l  i n  a  s m a ll  t i d a l  c r e e k .
A lth o u g h  p r im a r i l y  an e c o l o g ic a l  s tu d y ,  h i s  w ork r e p r e s e n t s  
p e rh a p s  th e  f i r s t  a t te m p t  a t  q u a n t i f y in g  n e t  t r a n s p o r t  p e r  
t i d a l  c y c l e .  R e g r e t t a b ly ,  t h e r e  i s  l i t t l e  d e s c r i p t i o n  o f  
h y d r a u l i c  f a c t o r s  i n  th e  s tu d y  and th e  r e s u l t s  a r e  se e m in g ly  
com prom ised by t h i s  o m is s io n .
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DESCRIPTION OF STUDY AREA
The a r e a  s e l e c t e d  f o r  s tu d y  i s  s i t u a t e d  i n  th e  m a rsh ­
la n d  a d ja c e n t  t o  W achap reague , V i r g i n i a ,  on th e  seaw ard  
s id e  o f  th e  D elm arva  P e n in s u la  (F ig u re  1 ) .  The a r e a  i s  
c o v e re d  by USGS W achapreague Q u a d ran g le  Map N 3730-W 75.
The g e n e r a l  p h y s io g ra p h y  o f  th e  r e g io n  c o n s i s t s  o f  b a r r i e r  
i s l a n d s  f r o n t i n g  th e  A t l a n t i c  O cean, b e h in d  w h ich  a r e  
la g o o n s  c o n s i s t i n g  o f  s h a l lo w  b ay s  and mud f l a t s  d i s s e c t e d  
by  t i d a l  c h a n n e ls ,  and m arsh es  w h ich  a r e  d r a in e d  by a  l a r g e  
num ber o f  t i d a l  c r e e k s .  The b a r r i e r  i s l a n d s  a r e  b ro k e n  by  
a  r e g u l a r  s e r i e s  o f  t i d a l  i n l e t s  w hich  c o n n e c t  t o  th e  m ain  
t i d a l  c h a n n e ls  la n d w a rd . The la g o o n s  a r e  m et by  lo w - ly in g  
u p la n d s  t o  th e  w e s t .
The H o lo cen e  g e o lo g ic  h i s t o r y  o f  th e  W achapreague a r e a  
was t r e a t e d  i n  p a p e rs  by  Newman and R usnak (1965) and 
Newman and M u n sa rt (1 9 6 8 ) . B r i e f l y ,  i t  can  b e  s t a t e d  t h a t  
th e  W achapreague la g o o n a l  com plex was p ro b a b ly  form ed some 
5 ,1 0 0  y e a r s  ago and h a s  u n d e rg o n e  v a ry in g  r a t e s  o f  
subm ergence  up to  th e  p r e s e n t .  Newman and M u n sart (o p . c i t . ,  
p .  98) n o te d  t h a t  e i t h e r  c r u s t a l  dow nw arping o r  d e c re a s e d  
s e d im e n ta t io n  r a t e s  may h av e  c au se d  a  d e la y  i n  m arsh  
d ev e lo p m en t u n t i l  a b o u t 1 ,0 0 0  y e a r s  B .P . in  c o n t r a s t  t o  New 
E ngland  a r e a s  w here  m arsh  d ev e lo p m en t b egan  some 3 ,0 0 0
12
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F ig u re  1 L o c a t io n  m ap, W achapreague a r e a ,  show ing 
l o c a t i o n  o f  s tu d y  c r e e k  and t i d e  s t a t i o n s .
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y e a r s  B .P . H a r r is o n  and  o th e r s  (1 9 6 5 , p .  227) h av e  
p o s t u l a t e d  t h a t  l a t e  P l e i s to c e n e  u p l i f t  o c c u r re d  i n  th e  
v i c i n i t y  o f  t h e  p r e s e n t  V i r g i n i a  C apes from  a b o u t 1 5 ,0 0 0  to  
8 ,0 0 0  y e a r s  B .P . ,  fo l lo w e d  by  c r u s t a l  dow nw arping from  6 ,0 0 0  
t o  2 ,0 0 0  y e a r s  B .P . w i th  a r e s u m p tio n  o f  u p l i f t  from  th e n  
u n t i l  th e  p r e s e n t  t im e . A t p r e s e n t ,  s e a  l e v e l  r i s e  r e l a t i v e  
to  t h e  la n d  i s  a b o u t 0 .0 1 1  f e e t  ( 3 .4  mm) p e r  y e a r  (H ick s  and 
S h o fn o s , 1 9 6 5 ) .
M o d if ic a t io n  o f  th e  n a t u r a l  s t a t e  o f  th e  m a rs h e s , t i d a l  
c h a n n e ls  and  c re e k s  h a s  b e en  m in im al com pared to  o th e r
a r e a s .  W ith  th e  e x c e p t io n  o f  th o s e  m ain  c h a n n e l seg m en ts
b e lo n g in g  t o  t h e  i n t r a c o a s t a l  w a te rw a y , l i t t l e  d re d g in g  h a s  
b e en  c o n d u c te d  h e r e  and th e  b u lk  o f  th e  i n t e r i o r  c h a n n e ls
a p p e a r  q u i t e  s t a b l e  a s  e v id e n c e d  by  a  co m p a riso n  o f  o ld  and
r e c e n t  a e r i a l  p h o to g ra p h s . T h e re  a r e  no m a jo r  s o u rc e s  o f  
f r e s h  w a te r  in f lo w  anyw here i n  th e  a r e a .
The s i t e  s e l e c t e d  f o r  s tu d y  was a  s m a ll  m arsh  c h a n n e l 
n e a r  th e  town o f  W ach ap reag u e , V i r g i n i a  (F ig u re  1 ) ,  w h ich  
h a s  b een  d e s ig n a te d  L i t t l e  F o o l C re ek . S e v e ra l  sm a ll  
t r i b u t a r i e s ,  each  o f  w h ich  o r i g i n a t e s  on th e  u p p e r  m arsh  
s u r f a c e ,  a r e  jo in e d  to  th e  m ain c h a n n e l o f  t h i s  c r e e k .  The 
e n t i r e  n e tw o rk  c o m p rise s  a s i n g l e  c lo s e d  sy s te m  w hich  d r a in s  
a  w e l l - d e f in e d  a r e a  o f  m arsh . The c re e k  i s  p e rh a p s  
in te r m e d ia t e  i n  s i z e  com pered to  th e  h u n d re d s  o f  s i m i l a r  
c h a n n e ls  w h ich  e n t e r  th e  m a rs h e s , h a v in g  a  w id th  o f  12 m 
n e a r  th e  m outh w here th e  d e p th  i s  a  l i t t l e  m ore th a n  1 m 
b e lo w  th e  c re e k  b a n k s . T h ree  b r id g e s  w ere  b u i l t  a c r o s s  th e
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INSTRUMENTATION AND METHODS
D ucted  C u r r e n t  Speed S e n so r
C u r r e n t  sp e e d s  w ere  m easu red  u s in g  a  f a s t - r e s p o n s e ,  
d u c te d - im p e l l e r  ty p e  s e n s o r .  A d e t a i l e d  d e s c r i p t i o n  o f  t h i s  
in s t r u m e n t  h a s  b e e n  p r e s e n te d  e ls e w h e re  (B yrne  and Boon,
1 9 7 3 ). C a l i b r a t i o n  o f  th e  in s t r u m e n t  i n d i c a t e d  a  h ig h ly  
l i n e a r  r e s p o n s e  t o  a x i a l  f lo w s  in  t h e  ra n g e  0 -1 5 0  cm /sec  
w ith  a  th r e s h o ld  sp e e d  o f  a b o u t 1 .5  c m /s e c , m aking t h i s  a  
v e ry  s u i t a b l e  in s t r u m e n t  f o r  u s e  in  s m a ll  t i d a l  c re e k s  
w here  b i d i r e c t i o n a l ,  n o n s te a d y  f lo w s o f t e n  c o n ta in  s h a rp  
te m p o ra l and s p a t i a l  g r a d i e n t s .
N o rm a lly , an a r r a y  o f  s e n s o r s  was u se d  t o  make 
s im u lta n e o u s  m easu rem en ts  o f  f lo w  sp e ed  in  th e  c h a n n e l 
c r o s s - s e c t i o n  w h i le  r i g i d l y  m ounted in  a  s u p p o r t in g  
a p p a r a t u s .
Suspended  S ed im en t S am p le r
A s t r e a m lin e d  tu b e  o f  a p p ro x im a te ly  400 ml c a p a c i ty  was
u se d  to  o b ta in  w a te r  sam p les f o r  su sp en d e d  s e d im e n t a n a ly s e s .
The sa m p le r  i s  r i g i d l y  m ounted to  a  s u p p o r t  fram e and
f e a t u r e s  an  a i r - o p e r a t e d  v a lv e  w h ich  i s  a c tu a t e d  by rem o te
c o n t r o l  t o  o b ta in  t h e  sam ple  i n  s i t u  (F ig u r e  2 ) .  The
s a m p le r , w h ich  h a s  d e s ig n  c h a r a c t e r i s t i c s  s i m i l a r  to  a
P r a n d t l  t u b e ,  c o l l e c t s  w a te r  a t  a  r a t e  t h a t  i s  p r o p o r t io n a l
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Figure 2 S c h e m a tic  d raw in g  o f  g a s - o p e r a te d  w a te r  sa m p le r  
show ing  m ethod o f  d ep lo y m en t i n  a t i d a l  s t r e a m .
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t o  th e  f r e e  s t r e a m  v e l o c i t y .  An a r r a y  o f  t h e  sa m p le rs  c o u ld  
b e  o p e r a te d  s im u l ta n e o u s ly  i n  th e  c r o s s - s e c t i o n  to  c o l l e c t  
p o i n t  w a te r  sa m p le s  d u r in g  an i n t e r v a l  o f  a b o u t 100 s e c o n d s . 
Sam ples w ere  t r a n s f e r r e d  to  p i n t  Mason j a r s  and s t o r e d  u n d e r  
r e f r i g e r a t i o n  a t  t h e  end o f  e ac h  e x p e r im e n t .
L a b o ra to ry  A n a ly se s
W ater sa m p le s  w ere  f i l t e r e d  i n  t o t o  u s in g  p rew e ig h ed  
G e n e ra l  E l e c t r i c  N u c le p o re  f i l t e r s  h a v in g  a  p o r e - s i z e  o f  
0 .6 n . The f i l t e r s  and s e d im e n ts  w ere  d r i e d  a t  8 0 °C, th e n  
w eighed  on a  Cahn DTL M i l l i b a la n c e  c a p a b le  o f  r a p i d  
m easu rem en t t o  th e  n e a r e s t  0 .1  mg. C o n c e n tr a t io n s  w ere  
th e n  com puted a s  t h e  d ry  w e ig h t  o f  se d im e n t d iv id e d  by th e  
vo lum e o f  w a te r  f i l t e r e d ,  e x p re s s e d  in  m g/1 .
To t e s t  th e  p r e c i s i o n  o f  th e  m ethod , d u p l i c a t e  a n a ly s e s  
w ere  i n i t i a l l y  p e rfo rm e d  u s in g  p a i r e d  su b sam p le s  o f  a b o u t 
400  ml e a c h , ta k e n  from  a  l a r g e  c a rb o y  o f  c r e e k  w a te r .  The 
su b sam p le  p a i r s  w e re  o b ta in e d  a s  s p l i t s  o f  800 ml sam p les  
o f  th e  c r e e k  w a te r  u s in g  a  F o lsom  sam ple  s p l i t t e r .  R e s u l ts  
i n d i c a t e d  an a v e ra g e  a n a l y t i c a l  e r r o r  o f  3.17, f o r  f i v e  p a i r s  
o f  su b sam p les  h a v in g  a  mean c o n c e n t r a t io n  o f  2 9 .4  m g /1 .
A sh in g  o f  t h e  sam p les  to  d e te rm in e  th e  am ount o f  
c o m b u s tib le  m a t e r i a l  i n  e a c h  was done in  a T herm olyne  s e r i e s  
1600 fu rn a c e  a t  5 5 0 °C. S e d im en t and f i l t e r  w ere  w e ig h e d , 
th e n  p la c e d  i n  alum inum  f o i l  l i n e r s  m olded to  f i t  i n s i d e  
s m a ll  c o v e re d  p o r c e l a i n  c r u c i b l e s .  B lank  l i n e r s  and 
c r u c i b l e s  w ere  h e a te d  a lo n g  w ith  th o s e  c o n ta in in g  th e
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sam p le s  f o r  a  p e r io d  o f  one h o u r .  A f t e r  h e a t i n g , th e  l i n e r s  
w ere  a llo w e d  to  c o o l ,  th e n  w eighed  a g a in .  Use o f  th e s e  
l i n e r s  a llo w e d  th e  m ore s e n s i t i v e  s c a l e  o f  th e  m i l l i b a l a n c e  
to  be  u t i l i z e d  in  o b ta in in g  th e  c o m b u s tib le s  w e ig h t a s  th e  
d i f f e r e n c e  in  l i n e r  p lu s  c o n te n ts  w e ig h t b e f o r e  and a f t e r  
h e a t i n g .  The b la n k  l i n e r s  showed no w e ig h t ch an g es i n  
e x c e s s  o f  0 .1  mg.
D e s s ic a n ts  w ere  n o t  u se d  in  any o f  t h e  above p ro c e d u re s  
due t o  th e  r a p i d  g a in  in  m o is tu re  c o n te n t  o f  d e s s i c a t e d  
sam p les  upon rem o v a l from  t h e i r  c o n ta in e r s  (E a to n , e t  a l . ,  
1 9 6 9 ) . The room  in  w hich  w e ig h in g  was done was e q u ip p e d  
w i th  a  d e h u m id i f ie r  t o  g iv e  some u n i f o r m i ty  t o  m o is tu re  
l e v e l s  in  th e  sa m p le s . S t a t i c  e l e c t r i c i t y  e f f e c t s  w ere 
re d u c e d  th ro u g h  th e  u s e  o f  a  S t a t i c m a s t e r  ( a lp h a - e m i t t in g  
po lon ium  s o u r c e ,  N u c le a r  P ro d u c ts  C o .) .
M arsh T o p o g ra p h ic  S u rvey
To d e f i n e  th e  to p o g ra p h ic  r e l i e f  and h y p so m e try  o f  th e  
m arsh  and d r a in a g e  c h a n n e l n e tw o rk  c o m p r is in g  L i t t l e  F o o l 
C re ek , a com bined p h o to g ra m m e tr ic -p la n e  t a b l e  su rv e y  was 
m ade. N e a r - v e r t i c a l  a e r i a l  p h o to g ra p h s  w ere  ta k e n  a t  
v a r io u s  t i d a l  s t a g e s  u s in g  35 mm b la c k  and w h ite  i n f r a r e d  
f i lm .  The p i c t u r e s  w ere  ta k e n  from  a  l i g h t  p la n e  a t  a  
2 ,0 0 0  f t .  (610  m) a l t i t u d e .
B la c k  and w h ite  i n f r a r e d  p h o to g ra p h s  show even  v e ry  
s h a l lo w  a r e a s  o f  w a te r  a s  a  b la c k  e x p a n se . W a te r l in e s  
w i th in  th e  m arsh es  th e m se lv e s  can  th u s  be  f a i r l y  w a l l
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d e f in e d  (F ig u r e s  1 1 , 13 and 1 4 ) .  T h re e  m easu red  b a s e l i n e s  
w i th in  th e  s tu d y  a r e a  (b e tw e en  th e  b r i d g e s ,  F ig u re  11) 
a llo w e d  s c a l e  and d i s t o r t i o n  e f f e c t s  t o  b e  e v a lu a te d  in  
e a c h  p h o to g ra p h  w hose w a te r  a r e a s  c o u ld  th e n  be o b ta in e d  by 
p la n im e t r y .  The t im e  a t  w h ich  e a c h  p h o to g ra p h  was ta k e n  
c o u ld  b e  m atched  w i th  r e c o r d s  o f  t i d a l  h e ig h t  d a ta  to  o b ta in  
h e ig h t  above mean low  w a te r  c o r r e s p o n d in g  to  a  g iv e n  
m easu rem en t o f  a r e a .
A p la n e  t a b l e  su rv e y  u s in g  a  K & E s e l f - l e v e l i n g  
a l i d a d e  p ro v id e d  b o th  th e  b a s e l i n e  l e n g th s  on th e  g round  
and s e v e r a l  c h ec k  p o in t s  o f  g ro u n d  e l e v a t i o n  t h a t  c o u ld  b e  
i d e n t i f i e d  i n  th e  p h o to g ra p h s  t o  v e r i f y  w a te r  s u r f a c e  
h e i g h t s .  A l l  e l e v a t i o n s  a r e  g iv e n  in  te rm s  o f  MLW datum  
w h ich  was t r a n s f e r r e d  to  a t i d e  s t a f f  on th e  b r id g e  n e a r e s t  
th e  m outh o f  t h e  c r e e k  ( L i t t l e  F o o l No. 1) u s in g  th e  m ethod 
o f  s im u lta n e o u s  c o m p a riso n s  (Boon and L ynch , 1972 , p p . 20 - 
2 5 ) .
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MEASUREMENT ERROR ANALYSIS AND EXPERIMENTAL DESIGN
T r a n s p o r t  a t  a  S tream  C r o s s - S e c t io n
I f  t h e  d i s t r i b u t i o n s  o f  l o n g i t u d i n a l  c u r r e n t  sp eed  (u )  
and su sp en d ed  se d im e n t c o n c e n t r a t io n  (c )  w ere  b o th  s te a d y  
and c o m p le te ly  u n ifo rm  th ro u g h o u t  a  c r o s s - s e c t i o n  o f  th e  
f lo w  h a v in g  f ix e d  d im e n s io n s , th e  t r a n s p o r t  o f  su sp en d e d  
m a t t e r  (m ass p e r  u n i t  t im e )  c o u ld  b e  e a s i l y  d e te rm in e d  
u s in g  th e  e q u a t io n
qs = uc  x  a r e a  o f  c r o s s - s e c t i o n
In  r e a l i t y ,  a l l  t h r e e  te rm s on th e  r i g h t  s i d e  o f  t h i s  
e q u a t io n  a r e  v a r i a b l e s ;  th e  f i r s t  two v a ry  b o th  s p a t i a l l y  
and te m p o r a l ly ,  t h e  a r e a  v a r y in g  o n ly  w ith  tim e  a t  one 
l o c a t i o n .  The u s u a l  p r a c t i c e  i s  th e n  t o  t a k e  a v e ra g e s  o f  
t h e s e  q u a n t i t i e s .  T h is  sh o u ld  be  done f i r s t  o f  a l l  w i th  a  
p ro p e r  sa m p lin g  d e s ig n  c o n ta in in g  enough sam p le  p o i n t s  to  
a t t a i n  a c c u r a t e  e s t im a t e s  o f  e ac h  v a r i a b l e  a v e r a g e .  In  
a d d i t i o n ,  t h e r e  a r e  c o n s t r a i n t s  on th e  m anner i n  w h ich  th e  
a v e ra g e s  a r e  u s e d . T h is  i s  p a r t i c u l a r l y  im p o r ta n t  a s  
r e g a r d s  th e  t r a n s p o r t  p e r  u n i t  a r e a ,  u c ,  a s  w i l l  now be 
shown.
B oth  u  and c may be  r e p r e s e n te d  a t  any  p o i n t  i n  th e  
c r o s s - s e c t i o n  a t  some i n s t a n t  by th e  l o c a l  v a lu e s
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u  = [u ]  -  u '  
c  = [c  ] -  c 7
w h ere  th e  b r a c k e t s  d e n o te  a  s p a t i a l  a v e ra g e  f o r  a  f i n i t e  
number o f  p o i n t s  and th e  p r im e s  d e n o te  th e  l o c a l  d e v ia t i o n  
from  th e  a v e r a g e .  T a k in g  th e  p ro d u c t
uc  = [u ]  [ c ]  -  u 7[ c ]  -  c 7 [u ]  + u 7c 7
and a v e ra g in g  o v e r  a l l  p o i n t s ,
[u c ]  = [u ]  [ c ]  +  [ u 7c 7] (1 )
s in c e  [ u #] ,  [ c * ]  = 0 . The l a s t  e x p r e s s io n  r e v e a l s  t h a t  th e
a v e ra g e  o f  u c  i n  th e  c r o s s - s e c t i o n  i s  e q u a l  t o  th e  p r o d u c t  
o f  u  and  c ,  e a c h  a v e ra g e d  s e p a r a t e l y ,  o n ly  i f  th e  
c o r r e l a t i o n  te rm , [ u 7c 7] ,  i s  z e r o .  I f  s i g n i f i c a n t  s p a t i a l  
g r a d i e n t s  e x i s t  i n  b o th  th e  u  and th e  c d i s t r i b u t i o n s ,  t h i s  
w i l l  n o t  b e  t h e  c a s e  and [ u 7c 7] may b e  c o n s id e r e d  to  b e  th e  
s p a t i a l  c o r r e l a t i o n  e r r o r  when u s in g  [u ]  [ c ]  a s  an  a p p r o x i ­
m a tio n  o f  [uc  ] .
In  a  s i m i l a r  f a s h i o n ,  t h e  in s t a n ta n e o u s  v a lu e s  o f  [u ]  
and [ c ]  may b e  g iv e n  a s
[u ]  -  -  [ u ] 7
[ c ]  = [ c ]  -  [ c ] 7
w h ere  th e  b a r s  d e n o te  t im e  a v e ra g e s  f o r  a f i n i t e  num ber o f
p o i n t s  i n  tim e  and th e  p r im e s  s i g n i f y  d e v ia t i o n s  o f  th e
s p a t i a l  a v e ra g e s  from  th e  s p a c e - t im e  m eans. S u b s t i t u t i o n
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i n  E q u a tio n  (1 )  g iv e s
Cud -  (tun - t u n  tun - [ c ] ' )  + i u ' c ' i
A v e ra g in g  o v e r  a l l  t im e  p o i n t s ,
Cue] ■ [u ]  [ c ]  *= [ u ] ' [ c ] '  +  [ u ' c ' ]  (2)
so  t h a t  a  t im e  c o r r e l a t i o n  te rm , [u ]  [ c ] ' ,  a p p e a rs  in  
a d d i t i o n  t o  th e  a v e ra g e  s p a t i a l  c o r r e l a t i o n  te rm , [ u ' c ' ] .
E q u a tio n  (2 )  i l l u s t r a t e s  th e  fo l lo w in g  f a c t :  I f ,
d u r in g  a  g iv e n  t i d a l  c y c l e ,  one  m easu red  th e  c o n c e n t r a t io n  
o f  some c o n s t i t u e n t  and  d e te rm in e d  i t s  s p a c e - t im e  a v e ra g e  
i n  some way f o r  th e  e n t i r e  c y c l e ,  t h i s  a v e ra g e  c o u ld  n o t  be  
m u l t i p l i e d  by th e  a v e ra g e  d i s c h a r g e  f o r  th e  c y c le  ( t h e  t i d a l  
p r is m  d iv id e d  by  th e  c y c le  d u r a t i o n )  w i th o u t  r i s k i n g  e r r o r s  
due  to  b o th  s p a c e  and tim e  c o r r e l a t i o n  e f f e c t s .
To d e te rm in e  th e  p o s s i b l e  e x t e n t  o f  t h e s e  v a r io u s  
e r r o r s ,  t h e  a u th o r  c o n d u c te d  a  p re s u r v e y  o f  s im u lta n e o u s  u  
and c d i s t r i b u t i o n s  i n  th e  s t r e a m  c r o s s - s e c t i o n  a t  B r id g e  1 , 
L i t t l e  F o o l C re e k . The r e s u l t s  o f  t h e  p r e s u rv e y  h av e  b e en  
g iv e n  in  a  p r e v io u s  r e p o r t  (B oon, 1972) w h ich  w i l l  be  
t r e a t e d  h e r e  a s  a  d e t a i l e d  summary.
V e r t i c a l  D i s t r i b u t i o n  o f  C u r r e n t  Speed
A s e r i e s  o f  m easu rem en ts  o f  l o n g i t u d i n a l  c u r r e n t  sp eed  
w ere  made u s in g  se v e n  c u r r e n t  m e te rs  a r r a n g e d  a t  d i f f e r e n t  
d e p th s  in  th e  c h a n n e l c e n t e r  on a f i x e d  v e r t i c a l  s u p p o r t .  
R e s u l t in g  c u r r e n t  p r o f i l e s  a p p e a re d  lo g a r i th m ic  f o r  f u l l y
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d e v e lo p e d  f lo w  In  th e  lo w e r  h a l f  o f  th e  w a te r  co lum n, th e  
c u r r e n t  u s u a l l y  d e c r e a s in g  above t h i s  p o i n t  to w ard  th e  
s u r f a c e .  T h is  ty p e  o f  p r o f i l e  i s  t y p i c a l  o f  o p e n -c h a n n e l 
f lo w s  in  w h ich  th e  d e p r e s s io n  o f  t h e  p o i n t  o f  maximum sp eed  
i s  due  t o  t h e  a c t io n  o f  s e c o n d a ry  c u r r e n t s  (H en d erso n , 1966 ,
p .  8 8 ) .
A verage  c u r r e n t  sp e e d s  w ere  d e te rm in e d  from  48 s e p a r a t e  
p r o f i l e s  by  i n t e g r a t i n g  t h e i r  c u rv e s  from  s u r f a c e  t o  b o tto m . 
S peeds o c c u r r in g  a t  0 .2 ,  0 .6 ,  and 0.8  o f  th e  d e p th  be lo w  
th e  s u r f a c e  w ere  th e n  p ic k e d  from  e a c h  c u rv e  to  be  u se d  as  
s i n g l e  p o in t  and  two p o i n t  e s t im a te s  o f  mean s p e e d , com puted 
a s  uq g and  %(uQ g +  u Q 8) r e s p e c t i v e l y .  U sin g  s i n g l e  p o in t  
e s t i m a t e s ,  th e  d e v ia t i o n s  from  th e  i n t e g r a t e d  m eans w ere  
o f t e n  h i g h e r  th a n  20% f o r  sp e e d s  l e s s  th a n  10 cm /se c  b u t  
u s u a l l y  l e s s  th a n  10% f o r  g r e a t e r  s p e e d s . Two p o in t  
e s t im a te s  w ere  a b o u t 10% o f f  f o r  th e  lo w e r sp e e d s  and no 
m ore th a n  57o o f f  a t  sp e e d s  h ig h e r  th a n  10 c m /se c .
E x p e r ie n c e  i n d i c a t e s  t h a t  th e  l a t t e r  a r e  l i k e l y  t o  b e  th e  
m ore s i g n i f i c a n t  sp e e d s  in  te rm s o f  t o t a l  d i s c h a r g e  e x c e p t  
d u r in g  n e a p  t i d e  c o n d i t i o n s .
T ra n s v e r s e  D i s t r i b u t i o n  o f  C u r r e n t  Speed
As a  b a s i s  f o r  s a m p lin g , th e  a u th o r  c h o se  to  a d o p t 
H a r l a c h e r 's  m ethod ( s e e  T ro s k o la n s k y , 1960 , p . 56) w h ich  
d i v id e s  th e  f lo w  s e c t i o n  i n t o  s e v e r a l  v e r t i c a l  com partm en ts 
e a c h  h a v in g  a  w id th  b and a  h e ig h t  h .  The t o t a l  r a t e  o f  
f lo w  i s  th e n  com puted a s
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w here  u-fm i s  th e  mean f lo w  in  th e  i t h  c o m p artm en t. The 
a v e ra g e  sp e ed  f o r  th e  e n t i r e  c r o s s - s e c t i o n  i s  th e n
[u ]  = £ h j b ] f
G uided by t h i s  ty p e  o f  sa m p lin g  d e s ig n ,  t h e  s t r e a m  was 
d iv id e d  i n t o  o n e , tw o , and f o u r  c o m p a rtm e n ts . T ra n s v e r s e  
c u r r e n t  sp e ed  p r o f i l e s  w ere  d e te rm in e d  u s in g  se v en  c u r r e n t  
m e te r s  p la c e d  a t  e q u a l  i n t e r v a l s  a c r o s s  t h e  s tr e a m  a t  a b o u t 
0 .2  o f  th e  d e p th  b e lo w  th e  s u r f a c e .  Speed e s t im a te s  w ere  
th e n  p ic k e d  o f f  th e  p r o f i l e s  a t  t h e  m id - p o in t  o f  e a c h  
co m p artm en t. U sing  th e s e  v a lu e s  a s  a p p ro x im a tio n s  o f  u^m, 
e s t im a te s  o f  [u ]  w e re  com puted by  th e  above fo rm u la s .  
C om paring th e s e  e s t im a te s  w i th  th e  c o r re s p o n d in g  m eans 
d e r iv e d  by  i n t e g r a t i n g  th e  p r o f i l e s ,  th e  fo l lo w in g  d i f f e r ­
e n ce  p e rc e n ta g e s  w e re  o b ta in e d  ( a v e ra g e  o f  6 r u n s ) :
one co m partm en t -  12.4% 
two co m partm en t - 8.7%
f o u r  com partm en t -  2.7%
T hese  d a t a  s e r v e  t o  show th e  im provem ent r e a l i z e d  by 
sa m p lin g  a t  m ore th a n  one p o i n t  in  th e  t r a n s v e r s e  f lo w  
p r o f i l e .  The c o n c lu s io n  re a c h e d  was t h a t ,  d u r in g  t r a n s p o r t  
r u n s ,  a  t o t a l  o f  e i g h t  c u r r e n t  m e te r s  sh o u ld  be u s e d ,  two in  
e ac h  o f  f o u r  com partm en ts  a t  th e  0 .2 ,  0 .8  d e p th s .  S in c e  th e  
c o m p artm en tin g  p ro c e d u re  i s  a c t u a l l y  a  form  o f  s t r a t i f i e d  
s a m p lin g , w hich  i s  c o n d u c iv e  o f  re d u c e d  sa m p lin g  e r r o r ,  th e
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o v e r a l l  e r r o r  e s t im a te  p la c e d  on s i g n i f i c a n t  m a g n itu d e s  o f  
[ u ]  i s  ta k e n  t o  b e  a b o u t th e  same a s  t h a t  o f  an  i n d iv i d u a l  
tw o - p o in t  a v e ra g e  in  th e  v e r t i c a l ,  r o u g h ly  5%.
V e r t i c a l  D i s t r i b u t i o n  o f  C o n c e n tr a t io n
T h e o r e t i c a l  f o r m u la t io n s  su c h  a s  R o u s e 's  e q u a t io n  
( s e e  G ra f ,  1971) c o n s id e r  t h a t  su sp en d e d  s e d im e n t 
d i s t r i b u t i o n s  i n  s te a d y  f lo w  r e p r e s e n t  a  b a la n c e  be tw een  
g r a v i t a t i o n a l  s e t t l i n g  and  t u r b u l e n t  d i f f u s i o n  e x p re s s e d  as
v s c ~ “ es "jjy (3 )
w h ere  v s i s  p a r t i c l e  s e t t l i n g  v e l o c i t y  and es i s  a  m ass 
t r a n s f e r  c o e f f i c i e n t .  The d i f f i c u l t y  i n  u s in g  t h i s  
a p p ro a c h  i s  tw o fo ld :  F i r s t l y ,  c o h e s iv e  m arsh  s e d im e n ts
c o n s i s t  o f  com plex  s o i l  a g g re g a te s  and o r g a n ic  d e t r i t u s .  
C o n c e n tr a t io n s  (d ry  m ass p e r  u n i t  volum e) a r e  n o t  a s  
c o n s i s t e n t  a s  th o s e  w h ich  w ould b e  found  f o r  i d e a l  
p a r t i c l e s  o f  u n ifo rm  s i z e ,  sh a p e  and d e n s i t y .  S e c o n d ly , 
th e  v a r i a t i o n  o f  es w i th  d e p th  i s  n o t  w e l l  known f o r  f lo w s 
h a v in g  n o n u n ifo rm  tu r b u le n c e  d i s t r i b u t i o n s .
M easured  c o n c e n t r a t i o n  p r o f i l e s  w ere  p l o t t e d  on se m ilo g  
p a p e r  w i th  n o rm a liz e d  d e p th s ,  y / h ,  b e in g  e n te r e d  on th e  
a b s c i s s a  (n o rm a l)  a x i s .  T h ese  p l o t s ,  e x c e p t  f o r  a  c e r t a i n  
am ount o f  random  s c a t t e r i n g ,  a p p e a re d  to  b e  l i n e a r  in  e a c h  
o f  s i x t e e n  ru n s  u s in g  se v e n  s a m p le rs  d i s t r i b u t e d  e v e n ly  from  
n e a r  th e  s u r f a c e  to  w i th in  5 cm o f  th e  b o tto m . T h is  k in d  o f  
d i s t r i b u t i o n  s u g g e s ts  a  l o g - l i n e a r  r e l a t i o n s h i p  o f  th e  form
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I n c  = b ( y / h )  +  I n  a
or
c = a e b(y/h) (4)
w h ere  a  and  b a r e  c o n s t a n t s  r e p r e s e n t i n g  th e  o r d i n a t e  a x is  
i n t e r c e p t  and th e  c u rv e  s l o p e ,  r e s p e c t i v e l y .  E q u a tio n  (4 ) 
may be  d e r iv e d  fro m  E q u a tio n  (3 ) by  i n t e g r a t i o n  w h e re in  
b = - v s / e s  and a  = c Q, t h e  c o n c e n t r a t i o n  e x p e c te d  a t  th e  
i n t e r c e p t .
In  m o st t u r b u l e n t  f lo w s ,  es i s  a  f u n c t io n  o f  d e p th .  
E q u a tio n  (4 )  i s  n o t  s t r i c t l y  v a l i d  in  su ch  i n s t a n c e s  
b e c a u s e  i t s  d e r i v a t i o n  d e p en d s  on th e  r a t i o  v s / e s b e in g  
c o n s t a n t .  B u t f i n e - g r a i n e d  su sp en d e d  s e d im e n ts  h a v e  low  
v s v a lu e s  w h ich  may th e m s e lv e s  v a r y  w i th  d e p th ,  l i t t l e  
b e in g  known o f  t h e  p a r t i c l e  s i z e ,  s h a p e , and  d e n s i t y  
d i s t r i b u t i o n s  in  m arsh  c r e e k s .  The d a t a  seem  t o  j u s t i f y  
th e  u s e  o f  E q u a t io n  (4 ) i n  p la c e  o f  m ore com plex  fo rm u la ­
t i o n s  i n  d e s c r i b i n g  v e r t i c a l  d i s t r i b u t i o n s  o f  c i n  th e  
p r e s e n t  c a s e .
I t  can  b e  shown t h a t ,  f o r  s lo p e s  l e s s  th a n  0 .5 ,  th e  
a v e ra g e  c o n c e n t r a t i o n  f o r  a  v e r t i c a l  d i s t r i b u t i o n  g iv e n  by 
E q u a tio n  (4 )  w i l l  b e  fo u n d  n e a r  m id -d e p th . S in c e  a  s im p le  
fo rm u la  l i k e  E q u a tio n  (4 ) e a s i l y  le n d s  i t s e l f  t o  l e a s t  
s q u a r e s  m ethods o f  c u rv e  f i t t i n g ,  c o n c e n t r a t i o n  m easu rem en ts  
ta k e n  a t  v a r io u s  known d e p th s  can  b e  u se d  t o  d e te rm in e  th e  
c u rv e  o f  b e s t  f i t  and  th e  a v e ra g e  c o n c e n t r a t i o n  o b ta in e d  
from  t h i s  c u rv e  a t  m id -d e p th . S e l e c t i n g  th r e e  w a te r
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sa m p le rs  e v e n ly  sp a c e d  in  th e  w a te r  co lum n , o u t  o f  th e  
se v e n  u se d  to  d e te rm in e  th e  p r o f i l e ,  th e  above m ethod 
p ro d u ce d  e r r o r  e s t im a te s  f o r  mean c o n c e n t r a t i o n  o f  a b o u t
5%.
T ra n s v e r s e  D i s t r i b u t i o n  o f  C o n c e n tr a t io n
S e v e ra l  ru n s  w ere  made to  d e te rm in e  th e  e x t e n t  o f  
t r a n s v e r s e  c o n c e n t r a t i o n  g r a d i e n t s .  In  e a c h  c a s e ,  th e  
o b se rv e d  c o n c e n t r a t i o n s  w ere  n e a r l y  u n ifo rm  a c r o s s  th e  
c h a n n e l  e x c e p t  f o r  th o s e  v e ry  n e a r  th e  c h a n n e l w a l l s .
T h re e  sa m p le rs  p la c e d  w ith  th e  c u r r e n t  m e te r s  i n  e a c h  o f  
t h e  f o u r  co m p artm en ts  p r e v io u s ly  m e n tio n e d  sh o u ld  th e n  g iv e  
an  e s t im a te  o f  [ c ]  o f  57, o r  l e s s .
S p a t i a l  C o r r e l a t i o n  E f f e c t s
V e r t i c a l  and  t r a n s v e r s e  p r o f i l e s  from  s im u lta n e o u s
c o n c e n t r a t i o n  and c u r r e n t  sp eed  ru n s  w ere  u se d  to  e s t im a te
th e  s p a t i a l  c o r r e l a t i o n  e r r o r  te rm  [ u ' c 7] . The e r r o r s  w ere
fo u n d  to  b e  l e s s  th a n  TL f o r  th e  v e r t i c a l  and l e s s  th a n  1%
f o r  th e  t r a n s v e r s e  d i r e c t i o n ,  due  to  th e  r e l a t i v e  u n i f o r m i ty
o f  th e  c o n c e n t r a t i o n s .  The f l u x ,  q s , a t  any  g iv e n  tim e
4
c o u ld  th e n  b e  com puted  a s  [ u ] i [ c l ih - j b ^  f o r  th e  w hole
c r o s s - s e c t i o n  w i th o u t  a p p r e c ia b le  c o r r e l a t i o n  e r r o r .
T em poral D i s t r i b u t i o n s  o f  u  and c
M easurem ents o f  [ u ]  and [ c ] ,  c l o s e l y  sp a c e d  i n  t im e , 
w ere  im p o s s ib le  t o  o b t a i n .  Time s e r i e s  m easu rem en ts  o f  u  
and c a t  a  f ix e d  p o i n t  in  th e  c r o s s - s e c t i o n  w ere  made
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i n s t e a d .  The w a te r  s a m p le r  r e q u i r e d  a p p ro x im a te ly  100 
se c o n d s  to  o p e r a te  w h i le  v a r io u s  tim e  i n t e r v a l s  c o u ld  be  
a p p l ie d  i n  o b ta in in g  a  c u r r e n t  sp eed  r e a d in g .  The p r i n c i p l e  
o f  o p e r a t io n  o f  b o th  d e v ic e s  i s  su ch  t h a t  an  i n t e g r a t e d  
a v e ra g e  o f  c u r r e n t  sp e ed  and  c o n c e n t r a t io n  i s  o b ta in e d .
T h is  ty p e  o f  a v e ra g e  th e n  a p p l i e s  a s  a  d i s c r e t e  m easurem ent 
v a lu e  a t  t h e  tim e  c e n t r a l  to  th e  i n t e g r a t i o n  i n t e r v a l .
T em poral sa m p lin g  e r r o r s  w ere  i n v e s t i g a t e d  by  p ic k in g  
v a lu e s  a t  d i s c r e t e  i n t e r v a l s  o f  t im e  ( t h e  sa m p lin g  i n t e r v a l )  
and co m p arin g  t h e i r  a v e ra g e s  a s  th e  sa m p lin g  i n t e r v a l  was 
in c r e a s e d  from  2 to  60 m in u te s  o v e r  a  s i x  h o u r  p e r io d  ( h a l f  
t i d a l  c y c l e ) . U sing  t h i s  a r ra n g e m e n t, a  m arked change was 
n o te d  f o r  c u r r e n t  a v e ra g e s  o b ta in e d  w ith  a  sam p lin g  i n t e r v a l  
g r e a t e r  th a n  a b o u t 40  m in u te s .  The optim um  i n t e r v a l  
a p p e a re d  to  be  a round  30 m in u te s .  A v erag es f o r  t h i s  
i n t e r v a l  d i f f e r e d  by a b o u t 3% from  th e  a v e ra g e s  u s in g  2 
m in u te  i n t e r v a l s .  C o n c e n tr a t io n  a v e ra g e s  w ere  l e s s  
c o n s i s t e n t  b u t  d id  n o t  i n d i c a t e  m ore th a n  a  TU change f o r  
sa m p lin g  i n t e r v a l s  v a ry in g  b e tw een  5 and 30 m in u te s . See 
Run 6 , A ppend ix  A, f o r  an exam ple o f  d i s c h a r g e  m easu res  
u s in g  b o th  a  1 5 -m in u te  and a  3 0 -m in u te  sa m p lin g  i n t e r v a l .
T em poral C o r r e l a t i o n  E f f e c t s
S in c e  b o th  c u r r e n t  sp eed  and c o n c e n t r a t io n  can be a s  
e a s i l y  d e te rm in e d  a t  th e  same p o in t s  in  tim e  a s  th ro u g h  any 
o t h e r  m eans, t h e r e  i s  l i t t l e  r e a s o n  to  com pute t o t a l  
t r a n s p o r t  a s  [u ]  [c ]  (Eq. 2 ) .  E x p e r ie n c e  i n d i c a t e s  t h a t  
s h a rp  i n c r e a s e s  i n  b o th  [ c ]  and [u ]  o f t e n  o c c u r  d u r in g
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p e r io d s  o f  maximum d i s c h a r g e ,  h e n c e  th e  te m p o ra l  c o r r e l a t i o n  
e r r o r ,  [ u ] ' [ c ] ' ,  i s  p ro b a b ly  s i g n i f i c a n t  d u r in g  m o st r u n s .
C le a r ly  th e  m o st e x p e d ie n t  an sw er i s  t o  o b t a in  te m p o ra l 
t r a n s p o r t  a v e ra g e s  a s  [u ]  [ c ] ,  i . e . ,  t h e  t im e -a v e ra g e  o f  th e  
p ro d u c t  o f  s p a t i a l  a v e ra g e s  f o r  u  and c ,  w h ich  e l im in a te s  
te m p o ra l c o r r e l a t i o n  e r r o r .
Combined E r r o r  P ro p a g a t io n
I f  an e r r o r  e s t im a te  o f  5% i s  p la c e d  on b o th  [u ]  and 
[ c ] ,  t h e  e r r o r  o f  t h e i r  p ro d u c t  may b e  fo u n d  a s
E = V ( .0 5 )  2 +  ( .  05) 3 
= 0 .0 7  o r  7%
p ro v id e d  t h a t  th e  c o n t r i b u t i n g  e s t im a te s  in v o lv e  o n ly  random  
e r r o r s .  The l a t t e r  a ssu m p tio n  i s  p ro b a b ly  v a l i d  h e r e  s in c e  
th e  e s t im a te s  w ere  o b ta in e d  by  s y n o p t ic  sa m p lin g  amid 
c h a n g in g  s p a t i a l  d i s t r i b u t i o n s  o f  u and  c .  F u r th e rm o re , i f  
th e  t im e -v a r y in g  p r o d u c t ,  [u ]  [ c ] ,  c o u ld  be  c o n s id e re d  a s  an 
exam ple  o f  a  random , s t a t i o n a r y  p r o c e s s ,  th e n  th e  s p a c e - t im e  
t r a n s p o r t  m ean, [u ]  [ c ] ,  w ould  h a v e  a  7% e r r o r  re d u c e d  by 
th e  f a c t o r  1 f j s ~  w here  N i s  th e  num ber o f  m easu rem en ts  made 
th ro u g h  t im e . T id a l  f lo w s  a r e  n o t  s t a t i o n a r y ,  h o w ev er, and 
any  r e d u c t io n  o f  th e  7% e s t im a te  w ould b e  d i f f i c u l t  to  
j u s t i f y  by fo rm a l m eans.
Assum ing no  e r r o r  a s s o c i a t e d  w ith  th e  m easu rem en t o f  
c r o s s - s e c t i o n a l  a r e a ,  th e  e r r o r  e s t im a te s  f o r  t o t a l  t r a n s ­
p o r t  o f  w a te r  and  s e d im e n t d u r in g  a g iv e n  t i d a l  p h a se  a r e
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p la c e d  a t  5% and 7%, r e s p e c t i v e l y .
F i n a l  E x p e r im e n ta l  D e s ig n
B ased  on th e  above f i n d i n g s ,  th e  f i n a l  sa m p lin g  
c o n f i g u r a t i o n  a t  t h e  c r o s s - s e c t i o n  o f  B r id g e  1 i s  a s  shown 
i n  F ig u r e  3 . H ere  th e  c r o s s - s e c t i o n  i s  d im e n s io n e d  by  a 
g r i d  sy s te m  whose o r i g i n  o c c u rs  i n  th e  lo w e r  l e f t  c o rn e r  
o f  t h e  f i g u r e  ( f lo o d  f lo w  comes o u t  o f  th e  p la n e  o f  th e  
p a p e r ) . The s u r f a c e  r e f e r e n c e  f o r  t h i s  g r i d  i s  a  l e v e l  
s t r i n g  a t t a c h e d  a t  f i x e d  p o in t s  u n d e r  th e  b r id g e ,  from  
w h ich  d e p th  m easu rem en ts  w ere  m ade. T h ese  m ea su re m e n ts , 
a lo n g  w i th  t i d a l  h e ig h t  d a t a ,  w ere  t r a n s f e r r e d  to  an 
a r b i t r a r y  datum  a  s e t  d i s t a n c e  b e lo w  t h e  s t r i n g .  From t h i s  
d a tum , a l l  h e i g h t  m easu rem en ts  a p p e a r  a s  p o s i t i v e  c o o r d in a te  
v a lu e s .  The sam p les o b ta in e d  a r e  i d e n t i f i a b l e  a s  i te m s  i n  a  
sam p le  m a t r ix  w hose a c t u a l  p o s i t i o n s  a r e  g iv e n  in  te rm s o f  
g r i d  c o o r d i n a te s .
The a d v a n ta g e  t o  t h i s  ty p e  o f  m easu rem en t c o n f ig u r a t io n  
i s  r e a l i z e d  th ro u g h  c o m p u te r iz e d  d a t a  p r o c e s s in g  te c h n iq u e s .  
F i e ld  p e r s o n n e l  w ere  s u p p l ie d  w i th  s p e c i a l  IBM c o d in g  form s 
on w h ich  a l l  t h e  n e c e s s a r y  f i e l d  m easu rem en t in f o r m a t io n  was 
e n te r e d  w i th  a  minimum r i s k  o f  o p e r a to r  e r r o r .  A s i m i l a r  
fo rm  was i s s u e d  to  l a b o r a to r y  p e r s o n n e l  w hose a n a ly s e s  w ere  
a l s o  s t a n d a r d i z e d .  The o n ly  e le m e n t in  common on th e  two 
fo rm s w ere  th e  sam p le  b o t t l e  num bers w h ich  p e rm i t te d  
m a tc h in g  o f  a l l  fo rm s o f  d a ta  in  th e  c o m p u te r . P r i n t o u t s  o f  
v e l o c i t y  and d i s c h a r g e  v a lu e s  c o u ld  u s u a l l y  b e  o b ta in e d  one 
o r  two d ay s  a f t e r  e a c h  r u n ,  t r a n s p o r t  v a lu e s  r e q u i r i n g  a b o u t
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F ig u re  3 . S am p ling  c o n f i g u r a t i o n  u se d  a t  B r id g e  1 , 
L i t t l e  F o o l C re e k .
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ROW
COLUMN
DATUM
1- HEIGHT OF LEVEL  STRING ABOVE DATUM ( IOOO c m . )
2 - HEIGHT OF WATER SURFACE ABOVE DATUM .
3 - E L E W T ! 0 ' \ !  O '- SAMPLE IN ITH COLUMN,  \/ TH ROW, ABOVE B O T T O M
4-HEIGHT OF BOTTOM ABOVE DATUM AT TRANS VE RSE D I STANCE X
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6-MAXi ; . ;UM WIDTH OF L O NG IT UDI NA L CONVEYANCE IN CHANNEL ( 1 0 5 0 c m . )
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two w eeks lo n g e r .  The co m p u ter u se d  was an  IBM 1130 w ith  
d i s k  o p e r a t in g  sy s te m .
C urve F i t t i n g  T ech n iq u e
I n i t i a l  p r o c e s s in g  ru n s  p ro d u ce d  d a ta  i n  th e  fo rm  o f  
s p a t i a l  a v e ra g e s  o f  d i s c h a r g e ,  s e d im e n t f l u x ,  c u r r e n t  sp e e d , 
and su sp en d e d  se d im e n t c o n c e n t r a t io n  a t  d i s c r e t e  i n t e r v a l s  
o f  t im e .  C urves w ere  f i t t e d  to  th e  p l o t t e d  t im e  v a lu e s  
w i th  a  c o m p u te r iz e d  m ethod known a s  th e  s p l i n e  f i t .
N u m e ric a l i n t e g r a t i o n  o f  th e s e  c u rv e s  gave  h ig h ly  o b j e c t i v e  
e s t im a te s  o f  su ch  q u a n t i t i e s  a s  th e  t o t a l  d i s c h a r g e  (m3) 
d u r in g  e a c h  t i d a l  p h a s e , p lu s  th e  r e s i d u a l  d i s c h a r g e ,  i f  
a n y . A d e s c r i p t i o n  o f  th e  s p l i n e  f i t  m ethod i s  g iv e n  in  
A ppend ix  B, a lo n g  w i th  th e  p rog ram  and s u b r o u t in e s  u se d  f o r  
t h e  c o m p u ta tio n s  (P rog ram  3NTEFIT, s u b r o u t in e s  SLIC and 
SPL IN ).
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TIDES
I n t r o d u c t io n
T h is  s e c t i o n  in c lu d e s  a  d i s c u s s io n  o f  some im p o r ta n t  
a s p e c t s  o f  b a s i c  t i d a l  th e o r y .  T id e s  p r o v id e  th e  d r i v in g  
f o r c e  b e h in d  th e  m echanism s o f  t r a n s p o r t  o f  b o th  w a te r  and 
se d im e n t i n  s a l t  m arsh  c re e k s  w h ich  i s  th e  p r i n c i p a l  
s u b j e c t  o f  i n t e r e s t  in  t h i s  w ork . In  v iew  o f  t h i s  
im p o r ta n c e , i t  i s  w e l l  w o rth  ex am in in g  a t  t h i s  p o i n t  some 
o f  th e  s a l i e n t  f e a t u r e s  o f  t h e  o b se rv e d  t i d e  i n  th e  a r e a  o f  
s tu d y .  A num ber o f  u s e f u l  t o o l s  a r e  a v a i l a b l e  to  a id  one 
in  t h i s  ty p e  o f  s tu d y ,  in c lu d in g  n u m e r ic a l  m ethods su ch  a s  
t h a t  o f  s p e c t r a l  a n a l y s i s .
When th e  h e ig h t s  o f  th e  t i d e  a r e  m easu red  a t  some f ix e d  
l o c a t i o n  a t  r e g u l a r l y  sp a c e d  i n t e r v a l s  o f  t im e , th e  
r e s u l t a n t  s e r i e s  o f  d a t a  a p p e a r  a s  a  r e c u r r i n g  s in u s o id  
w hich  can  be  v iew ed  a s  a  c o m p o s ite  o f  a  num ber o f  s im p le  
c o s in e  w aves d i f f e r i n g  o n ly  i n  a m p li tu d e ,  p e r i o d ,  and p h a se . 
A s i n g l e  c o s in e  c o n s t i t u e n t  may b e  w r i t t e n
h ( t )  = R cos (cot-0) (5)
w here
h  83 h e ig h t  a s  a  f u n c t io n  o f  tim e
0 = th e  p h a se  o f  th e  c o n s t i t u e n t  r e l a t i v e  
to  some tim e  o r i g in
34
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
35
R = th e  a m p li tu d e  o f  th e  c o n s t i t u e n t  
03= 2 tt/ T , t h e  a n g u la r  sp e e d  o f  th e  c o n s t i t u e n t  
T = p e r io d  ( i n  h o u r s )  
t  = t im e  ( i n  h o u r s )
M ain T id a l  C o n s t i tu e n t s
Due to  th e  g r a v i t a t i o n a l  a t t r a c t i o n s  and p e r i o d i c  
m o tio n s  o f  t h e  e a r th -m o o n -s u n  sy s te m , q u i t e  a  num ber o f  th e  
t i d a l  c o n s t i t u e n t s  m aking up th e  o b se rv e d  t i d e  may b e  l in k e d  
to  c e l e s t i a l  o r i g i n s .  F a m i l i a r  d ia g ra m s  o f  r e v o lv in g  t i d a l  
" b u lg e s "  a r e  s e e n  in  many t e x t s  w h ich  i l l u s t r a t e  N e w to n 's  
E q u i l ib r iu m  T id a l  T h e o ry . T h is  i s  a  s t a t i c  th e o r y ,  h o w ev er, 
and th u s  f a i l s  t o  c o n s id e r  th e  m o tio n  o f  w a te r  in  t i d a l  
w aves t r a v e l i n g  o v e r  v a r y in g  t e r r e s t r i a l  c o n f i g u r a t i o n s  a s  
d o e s  th e  m ore advanced  dynam ic th e o r y  p ro p o se d  by L a P la c e . 
The dynam ic th e o ry  a l lo w s  one to  c o n s id e r  t i d a l  m o tio n s  a s  
h a v in g  p e r io d s  e q u a l  to  th o s e  o f  th e  a s tro n o m ic  f o r c e s  w h ich  
p ro d u ce  them , w hereupon th e  a m p litu d e  and p h a se  o f  any 
c o n s t i t u e n t  t i d e  a t  a  g iv e n  l o c a l i t y  i s  fo u n d  e m p i r i c a l l y  
by  h a rm o n ic  a n a l y s i s  o f  lo n g - te r m  t i d a l  m e a su re m e n ts . The 
p e r io d s  and t h e o r e t i c a l  a m p li tu d e s  o f  th e  m a jo r  t i d e  
p ro d u c in g  f o r c e s  a r e  shown in  T a b le  1 .
The o b se rv e d  a m p li tu d e s  o f  th e  t i d e s  v a ry  w id e ly  in  
d i f f e r e n t  p a r t s  o f  th e  w o r ld . The t h r e e  m ain  c l a s s e s  o f  
t i d e  a r e  b a s e d ,  f o r  ex am p le , on th e  com puted r a t i o  
(1^ +  0a ) - r  (M2 + S2) in  w h ich  th e  sym bols s ta n d  f o r  th e  
a m p li tu d e s  o f  th e  c o n s t i t u e n t s  i n d i c a t e d  ( s e e  T a b le  1 ) .
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TABLE 1
THE MAIN CONSTITUENTS OF THE ASTRONOMIC TIDE 
( a f t e r  D e f a n t ,  1958 , p .  48 )
Ty.Re. Symbol
S e m id iu rn a l  M2
S e m id iu rn a l
S e m id iu rn a l  N.
S e m id iu rn a l  K,
D iu rn a l
D iu rn a l
D iu rn a l
K,
L o n g -P e rio d  M^
P e r io d  A m p litu d e  D e s c r ip t io n  
( s o l a r  h o u r s )  (Ma = 100)
1 2 .4 2
1 2 .0 0
12.66
1 1 .9 7
2 3 .9 3
2 5 .8 2
2 4 .0 7
3 2 7 .8 6
i  n n  n  t  i
C o n s t i tu e n t
4 6 .6  M ain S o la r  
C o n s t i t u e n t
1 9 .1  L unar C o n s t i ­
t u e n t  Due t o  
V a r ia t io n  i n  
D is ta n c e
1 2 .7  S o l i -L u n a r  
C o n s t i t u e n t  
Due to
D e c l i n a t i o n a l
Change
5 8 .4  S o l i - L u n a r  
C o n s t i t u e n t
4 1 .5  D iu r n a l  L u n ar 
C o n s t i t u e n t
1 9 .3  D iu rn a l  S o la r
C o n s t i tu e n t
1 7 .2  M oon's F o r t ­
n i g h t l y  Con­
s t i t u e n t
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I f  th e  r a t i o  i s  l e s s  th a n  0 .2 5 ,  t h e  t i d e  i s  c l a s s e d  a s  th e  
d a i l y  ( s e m id iu r n a l )  ty p e ,  i f  i t  i s  b e tw een  0 .2 5  and 1 .5 0 ,  
t h e  t i d e  i s  c l a s s e d  a s  m ix e d , and  i f  g r e a t e r  th a n  1 .5 0 ,  i t  
i s  c l a s s e d  a s  th e  d a i l y  ( d i u r n a l )  v a r i e t y .  On th e  U. S.
A t l a n t i c  C o a s t ,  t i d e s  a r e  o f  th e  s e m id iu r n a l  ty p e .  M ixed 
t i d e s  commonly o c c u r  on th e  U. S. P a c i f i c  C o a s t w h i le  
d i u r n a l  t i d e s  o c c u r  in  some p a r t s  o f  th e  U. S. G u lf  C o a s t 
a r e a .
S h a llo w -W a te r  T id e s
A f r e q u e n t ly  im p o r ta n t  a d d i t i o n  to  th e  m ain  t i d a l  
com ponen ts o c c u rs  w i th in  s h a l lo w -w a te r  a r e a s ;  e . g . ,  c o a s t a l  
em baym ents and e s t u a r i e s  (D oodson, 1 9 4 1 ) . Away from  
c o n t i n e n t a l  la n d m a s s e s , t i d e s  a r e  p ro p a g a te d  i n  th e  
p r o g r e s s iv e  wave fo rm  w i th  c e l e r i t y
c = J  gh
w here
c = r a t e  o f  t r a v e l  o f  a  p o i n t  i n  th e  wave form  
r e l a t i v e  t o  th e  b o tto m
g = g r a v i t a t i o n a l  a c c e l e r a t i o n
h  = mean w a te r  d e p th
H ow ever, upon e n t e r i n g  a  c h a n n e l ,  th e  r a t e  o f  a d v an ce  o f  a
p o in t  i n  th e  wave fo rm  becom es, a c c o rd in g  to  Doodson (1 9 4 1 ,
p . 1 5 1 ) ,
c -  V g (h  +  3y) 
i n  w h ich  y i s  th e  e l e v a t i o n  o f  th e  p o in t  above ( o r  below )
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m ean w a te r  l e v e l .  The r e s u l t i n g  wave fo rm  i s  a  d i s t o r t e d  
o ne  in  w h ich  th e  c r e s t  o f  th e  wave i s  advanced  w h i le  th e  
t ro u g h  i s  h e ld  b a c k . I t  can  b e  shown t h a t  th e  d i s t o r t e d  
wave c o n s i s t s  o f  a  " p u re "  c o s in e  wave to  w h ich  one o r  m ore 
h i g h e r  h a rm o n ic  w aves (w aves w hose p e r io d s  a r e  o n e - h a l f ,  
o n e - t h i r d ,  e t c . ,  o f  th e  p a r e n t  wave p e r io d )  o f  l e s s e r  
a m p li tu d e  h av e  b e e n  a d d ed . The a d d i t i o n a l  com ponents a r e  
c a l l e d  s h a l lo w -w a te r  t i d e s  o r  " o v e r t i d e s . "  I f  th e  p a r e n t  
wave i s  d e s ig n a te d  Ma ( s e m id i u r n a l ) ,  th e n  th e  f i r s t  h a rm o n ic  
i s  d e s ig n a te d  M4 ( q u a r t e r d i u r n a l ) , th e  seco n d  M6 ( s i x t h -  
d i u r n a l ) ,  and so  o n . B e fo re  e x am in in g  s h a l lo w -w a te r  t i d e s  
m ore c l o s e l y ,  th e  i n t e r a c t i o n  o f  th e  p r o g r e s s iv e  t i d a l  wave 
w i th  i t s  r e f l e c t e d  wave form  m u st b e  c o n s id e r e d .
The p r o g r e s s iv e  wave e n t e r in g  a  c h a n n e l c lo s e d  a t  one 
end  may b e  r e f l e c t e d  in  su c h  a  m anner a s  t o  r e i n f o r c e  o th e r  
in co m in g  w aves and p ro d u ce  a  s ta n d in g  o s c i l l a t i o n .  The 
fu n d a m e n ta l r e s o n a n t  p e r io d  o f  a c h a n n e l  o f  l e n g th  L and 
d e p th  h  ( n e g le c t in g  f r i c t i o n )  i s
T -  2L
TgK
A lth o u g h  su ch  a  c h a n n e l w ould  h a v e  to  b e  r a t h e r  lo n g  to  
a c h ie v e  i n t e r n a l  r e s o n a n c e  w i th  s e m id iu r n a l  t i d a l  o s c i l l a ­
t i o n s  (som e 383 km f o r  a  c h a n n e l 30 m d e e p ) ,  t h e r e  a r e  
c l e a r  i n d i c a t i o n s  in  a  g r e a t  many c o a s t a l  a r e a s  t h a t  th e  
in co m in g  t i d a l  w aves a r e  s t r o n g l y  in f lu e n c e d  by r e f l e c t e d  
t i d a l  w av es . F o r exam p le , s t a n d in g  o s c i l l a t i o n s  h av e
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a s s o c i a t e d  o s c i l l a t o r y  f lo w s  t h a t  a r e  o u t  o f  p h a se  by  o n e - 
q u a r t e r  w a v e le n g th ,  i . e . ,  s l a c k  w a te r s  o c c u r  a t  t h e  h ig h  and 
low  w a te r  s t a g e s .  T h is  ty p e  o f  r e v e r s i n g  f lo w  p a t t e r n  i s  
a p p ro x im a te d  i n s i d e  many c o a s t a l  i n l e t s  and  t i d a l  c h a n n e ls .  
H ow ever, a s  i n d ic a t e d  by  p r o g r e s s i v e l y  l a t e r  t im e s  o f  
a r r i v a l  o f  h ig h  and low  w a te r s  a s  one p ro c e e d s  in la n d  a lo n g  
th e s e  w a te rw a y s , t h e r e  i s  s t i l l  a  p r o g r e s s iv e  a s p e c t  t o  th e  
r e s u l t a n t  wave fo rm s . T h is  w ould l o g i c a l l y  b e  so  d ue  to  
f r i c t i o n a l  e f f e c t s  w h ich  a t t e n u a t e  r e f l e c t e d  p r o g r e s s iv e  
w aves to  a  g r e a t e r  e x te n t  th a n  incom ing  o n e s .
Doodson (1 9 4 1 , p . 64) d i s c u s s e s  th e  d i s t o r t i o n  o f  
s ta n d in g  t i d a l  w aves in  s h a l lo w  w a te r  and s t a t e s  t h a t  i f  t h e  
p a r e n t  wave i s  o f  th e  fo rm  o f  E q u a tio n  ( 5 ) ,  th e n  th e  f i r s t  
h a rm o n ic  w i l l  be  p r o p o r t i o n a l  to
co s (2  cot -  20 ) o r  cos (2  cot -  20 -  180°)
w here  0 = p h a se  o f  th e  p a r e n t  w ave. By c o m p a riso n , 
p r o g r e s s iv e  w aves p ro d u ce  a  f i r s t  h a rm o n ic  p r o p o r t i o n a l  to
co s  (2  cot -  20 + 90°)
One may th e n  su p p o se  t h a t  a  s h a l lo w -w a te r  wave in te r m e d ia te  
b e tw een  s ta n d in g  and p r o g r e s s iv e  w i l l  g iv e  r i s e  t o  a  f i r s t  
h a rm o n ic  c o n s t i t u e n t  w i th  a  p h a se  l a g  som ewhere b e tw een  20 - 
90° and 20 + 180° w ith  r e s p e c t  to  th e  fu n d a m e n ta l p h a s e .
F ig u re  4 c o n ta in s  two exam ples o f  r e s u l t a n t  t i d a l  wave 
fo rm s d e r iv e d  from  h y p o t h e t i c a l  M3 and M4 com ponents h a v in g  
a sm a ll  p h a se  d i f f e r e n c e  0. When 0 i s  p o s i t i v e ,  th e  d u r a t i o n  
o f  r i s i n g  t i d e  i s  n o t i c e a b l y  lo n g e r  th a n  th e  d u r a t i o n  o f
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F ig u r e  4 Wave fo rm s r e s u l t i n g  from  s e m id iu rn a l  (M2) and 
q u a r t e r - d i u r n a l  (M4 ) c o n s t i t u e n t s  h a v in g  a  p h a se  
d i f f e r e n c e  0 w h ich  i s  (a )  n e g a t iv e ,  (b )  p o s i t i v e .
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f a l l i n g  t i d e ,  th e  r e v e r s e  b e in g  t r u e  when 0 i s  n e g a t iv e .
I t  s h o u ld  b e  n o te d  w e l l  t h a t  th e  p e r io d  o f  t h e  r e s u l t a n t  
wave i s  e x a c t l y  th e  same a s  t h a t  o f  th e  fu n d a m e n ta l (M2) 
h a rm o n ic . T h is  s i m p l i f i e d  i l l u s t r a t i o n  o m its  h i g h e r  
h a rm o n ic s  and o t h e r  t i d a l  c o n s t i t u e n t s  p r e s e n t  in  a c t u a l  
t i d e s ,  b u t  shows c l e a r l y  th e  m echanism  by w h ich  d u r a t i o n  
a sy m m e tr ie s  a r i s e .  The asym m etry  may b e  s i g n i f i c a n t  in  
te rm s  o f  s e d im e n t t r a n s p o r t  b e c a u s e  o f  th e  p o s s ib l e  e f f e c t  
on t i d a l  f lo w  and t i d a l  d i s c h a r g e  c u rv e s  (G ro en , 1965 ; M ota 
O l i v e r a ,  1 9 7 1 ) . One su c h  r e s u l t  i s  t h a t  t h e  maximum 
s t r e n g t h s  o f  ebb and f lo o d  f lo w  w i l l  te n d  to  b e  u n e q u a l due 
t o  th e  d u r a t i o n  asym m etry  e v en  th o u g h  th e  t o t a l  ebb and 
t o t a l  f lo o d  d i s c h a r g e  vo lum es re m a in  e q u a l .  T id a l  d i s c h a r g e  
r e l a t i o n s h i p s  a r e  th e  p r i n c i p a l  s u b j e c t  o f  a  l a t e r  s e c t i o n .
B e fo re  p r o c e e d in g ,  th e  a m p li tu d e  r e l a t i o n s h i p  o f  
v a r i o u s  s p e c i e s  o f  s h a l lo w -w a te r  t i d e s  w i l l  b e  b r i e f l y  
d i s c u s s e d .  D oodson (1941) h a s  shown t h a t  th e  a m p li tu d e  o f  
any  M4 wave v a r i e s  a p p ro x im a te ly  a s  th e  s q u a re  o f  th e  
a m p li tu d e  o f  i t s  p a r e n t  M2 w ave; s i m i l a r l y ,  th e  a m p litu d e  o f  
an  Mg wave v a r i e s  a p p ro x im a te ly  a s  th e  cube o f  th e  Mg 
a m p l i tu d e .  T h is  m eans t h a t  th e  e f f e c t  o f  wave d i s t o r t i o n  by  
o v e r t i d e s  i s  a m p li tu d e  d e p e n d e n t.  A s p r in g  t i d e  c u rv e  w i l l  
t h e r e f o r e  e x h i b i t  a  g r e a t e r  d e g re e  o f  d u r a t i o n  asym m etry  
th a n  w i l l  a  n e a p  t i d e  c u rv e  h a v in g  th e  same fu n d a m e n ta l 
p e r i o d ,  ig n o r in g  o t h e r  f a c t o r s  f o r  t h e  moment.
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TIDAL ANALYSIS
T id e  G auges
The r e c o r d s  o f  f o u r  r e c o r d in g  t i d e  g au g es  i n  and 
a d ja c e n t  t o  th e  s tu d y  a r e a  w ere  a v a i l a b l e  t o  th e  a u th o r .
The m ain  t i d e  s t a t i o n  a t  th e  V i r g i n i a  I n s t i t u t e  o f  M arine  
S c ie n c e  d o ck  in  W ach ap reag u e , V i r g i n i a ,  h a s  b een  in  
c o n tin u o u s  o p e r a t io n  s in c e  November 1 , 1969 . A n o th e r  VIMS 
gauge  j u s t  i n s i d e  W achapreague I n l e t  h a s  b e e n  in  i n t e r m i t ­
t e n t  o p e r a t io n  s in c e  November 4 ,  1970, w h i le  a  t h i r d  VIMS 
gauge  was o p e ra te d  d u r in g  a  4 3 -d a y  p e r io d  in  th e  f a l l  o f  
1972 i n  L i t t l e  F o o l C re e k , th e  m arsh  c h a n n e l s e l e c t e d  f o r  
i n t e n s i v e  s tu d y  in  th e  p r e s e n t  w ork . A l l  o f  th e  above 
s t a t i o n s  a r e  shown in  F ig u re  1 . A f o u r th  s t a t i o n  o p e ra te d  
on th e  o cean  s i d e  a t  t h e  N a t io n a l  A e ro n a u t ic s  and S pace 
A d m i n i s t r a t i o n 's  f a c i l i t y  a t  W allo p s I s l a n d ,  V i r g i n i a ,  h a s  
b e en  in  o p e r a t io n  i n t e r m i t t a n t l y  o v e r  a  num ber o f  y e a r s .
A l l  o f  th e  t i d e  g au g es  u se d  a t  th e  above s t a t i o n s  w ere  
B r i s t o l  R e c o rd in g  B u b b le r  G auges ( B r i s t o l  Company, W ate rb u ry , 
C o n n e c t ic u t ) .
R is e  and F a l l  D u ra t io n s
The W achapreague Dock and W allops I s l a n d  t i d e  r e c o rd s
w ere  re d u c e d  to  t im e s  and h e ig h t s  o f  h ig h  and low w a te r s  to
o b ta in  lo n g  s e r i e s  o f  t h i s  ty p e  o f  in f o r m a t io n .  T a b le s  2
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th ro u g h  4 u t i l i z e  a t h r e e - y e a r  segm ent o f  t h i s  d a t a  t o  show 
m o n th ly  mean r i s e  and f a l l  d u r a t i o n s  a t  W achapreague Dock. 
T a b le  5 shows th e  same in fo rm a tio n  f o r  one y e a r  o f  W allo p s 
I s l a n d  d a t a .
In  a l l  o f  th e  above t a b l e s ,  th e  y e a r l y  a v e ra g e  sum o f  
r i s e  and f a l l  d u r a t io n s  i s  1 2 .4 2  h o u r s ,  th e  p e r io d  o f  th e  
Ms c o n s t i t u e n t  (T a b le  1 ) .  B u t a t  W achapreague D ock, th e  
d a t a  show f a i r l y  c o n s i s t e n t  m o n th ly  and y e a r l y  a v e ra g e s  o f  
th e  d i f f e r e n c e  be tw een  r i s e  and f a l l  d u r a t i o n s  o f  a b o u t 0 .4  
h o u r  f a v o r in g  r i s e  d u r a t i o n s .  W allo p s I s l a n d ,  on th e  o th e r  
h a n d , h a s  a  m ixed m o n th ly  a v e ra g e  d i f f e r e n c e  w h ich  i s  a b o u t 
z e ro  f o r  th e  y e a r ly  a v e ra g e .  The d a t a  c l e a r l y  show a  
d u r a t io n  asym m etry  f o r  W achapreague Dock (som e t h r e e  m ile s  
in la n d  on a  m a jo r  t i d a l  c h a n n e l)  w h ich  i s  n o t  p r e s e n t  on 
th e  o cean  s id e  o f  W allops I s l a n d .  A few  m onths d a t a  from  
W achapreague I n l e t  show e s s e n t i a l l y  th e  same d u r a t i o n  asym­
m e t r ie s  a s  a t  W achapreague Dock and n eed  n o t  be  in c lu d e d  
h e r e .
F ig u re  5 shows how th e  d a i l y  v a r i a t i o n s  i n  r i s e  and 
f a l l  d u r a t i o n s  a p p e a r  d u r in g  a  t y p i c a l  m onth . The m onth o f  
Ju n e  was c h o sen  b e c a u se  w e a th e r  e f f e c t s  a r e  n o rm a lly  n o t  so  
s e v e re  a t  t h i s  t im e . B u t, t o  g iv e  w e a th e r  i t  d u e , th e  
s p ik e  to  r i g h t  i n  th e  f i g u r e  c o in c id e s  w i th  t r o p i c a l  s to rm  
Agnes w hich  o c c u r re d  Ju n e  22 , 1972 (p e a k  NE w inds 47 MPH), 
and shows t h a t  th e  e f f e c t  can  b e  c o n s id e r a b le .  E lsew h ere  
d u r in g  th e  m onth , a  s a w - to o th  p a t t e r n  and  a f o r t n i g h t l y  
" b e a t"  can  be d is c e r n e d  w hich  i s  due to  d i u r n a l  i n e q u a l i t i e s
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TABLE 2
MONTHLY MEANS OF RISE AND FALL DURATIONS IN
HOURS AT WACHAPREAGUE DOCK, 1970
M onth D u ra t io n  D u ra t io n  D i f f e r e n c e  Sum
  o f  R i s e _______ o f  F a l l _____________________________
1 6 .5 2 5 .9 1 0 .6 1 1 2 .4 3
2 6 .4 5 5 .9 6 0 .4 9 1 2 .4 1
3 6 .4 4 5 .9 9 0 .4 5 1 2 .4 3
4 6 .3 8 6 .0 4 0 .3 4 1 2 .4 2
5 6 .3 9 6 .0 3 0 .3 6 1 2 .4 2
6 6 .3 6 6 .0 4 0 .3 2 1 2 .4 0
7 6 .4 2 6 .0 0 0 .4 2 1 2 .4 2
8 6 .4 3 5 .9 8 0 .4 5 1 2 .4 1
9 6 .4 2 6 .0 0 0 .4 2 1 2 .4 2
10 6 .4 5 5 .9 8 0 .4 7 1 2 .4 3
11 6 .3 3 6 .1 0 0 .2 3 1 2 .4 3
12 6 .4 2 6 .0 0 0 .4 2 1 2 .4 2
lean 6 .4 2 6 .0 0 0 .4 2 1 2 .4 2
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TABLE 3
MONTHLY MEANS OF RISE AND FALL DURATIONS IN
HOURS AT WACHAPREAGUE DOCK, 1971
M onth D u ra t io n  D u ra t io n  D i f f e r e n c e  Sum
o f  R is e  o f  F a l l  ___________
1 6 .3 6 6 .0 5 0 .3 1 1 2 .4 1
2 6 .4 2 6 .0 0 0 .4 2 1 2 .4 2
3 6 .4 0 6 .0 1 0 .3 9 1 2 .4 1
4 6 .3 5 6 .0 6 0 .2 9 1 2 .4 2
5 6 .3 0 6 .1 2 0 .1 8 1 2 .4 2
6 6 .3 6 6 .0 5 0 .3 1 1 2 .4 1
7 6 .4 1 6 .0 1 0 .4 0 1 2 .4 2
8 6 .3 7 6 .0 5 0 .3 2 1 2 .4 2
9 6 .3 8 6 .0 5 0 .3 3 1 2 .4 3
10 6 .3 9 6 .0 3 0 .3 6 1 2 .4 2
11 6 .3 8 6 .0 5 0 .3 3 1 2 .4 3
12 6 .5 2 5 .2 9 0 .6 0 1 2 .4 4
Mean 6 .3 9  6 .0 3  0 .3 6  1 2 .4 2
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TABLE 4
MONTHLY MEANS OF RISE AND FALL DURATIONS IN
HOURS AT WACHAPREAGUE DOCK, 1972
Month D u ra t io n  D u ra t io n  D i f f e r e n c e  Sum
o f  R is e  o f  F a l l  _______________________
1 6 .3 9 6 .0 4 0 .3 5 1 2 .4 3
2 6 .4 6 5 .9 6 0 .5 0 1 2 .4 2
3 6 .4 6 5 .9 6 0 .5 0 1 2 .4 2
4 6 .4 2 5 .9 7 0 .4 5 1 2 .3 9
5 6 .3 6 6 .0 5 0 .3 1 1 2 .4 1
6 6 .4 7 5 .9 5 0 .5 2 1 2 .4 2
7 6 .4 2 6 .0 0 0 .4 2 1 2 .4 2
8 6 .4 2 6 .0 2 0 .4 0 1 2 .4 4
9 6 .4 0 6 .0 3 0 .3 7 1 2 .4 3
10 6 .4 0 6 .0 3 0 .3 7 1 2 .4 3
11 6 .4 7 5 .9 4 0 .5 3 1 2 .4 1
12 6 .5 0 5 .9 0 0 .6 0 1 2 .4 0
Mean 6 .4 3  5 .9 9  0 .4 4  1 2 .4 2
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TABLE 5
MONTHLY MEANS OF RISE AND FALL DURATIONS IN
HOURS AT WALLOPS ISLAND, 1969-70
M onth D u ra t io n  
o f  R is e
D u ra tio n  
o f  F a l l
D i f f e r e n c e Sum
11 (6 9 ) 6 .1 0 6 .3 3 -  0 .2 3
12 (6 9 ) 6 .2 5 6 .1 7 0 .0 8
1 (7 0 ) 6 .3 4 6 .0 9 0 .2 5
2 6 .2 1 6 .1 9 0 .0 2
3 6 .2 3 6 .1 9 0 .0 4
4 6 .1 0 6 .3 1 - 0 .2 1
5 6 .1 7 6 .2 5 - 0 .0 8
6 6 .0 9 6 .3 4 - 0 .2 5
7 6 .1 0 6 .3 2 - 0 .2 2
8 6 .1 2 6 .2 8 - 0 .1 6
9 6 .1 4 6 .2 7 -  0 .1 3
10 6 .1 6 6 .2 5 - 0 .0 9
lean 6 .1 7 6 .2 5 -  0 .0 8
1 2 .4 3
1 2 .4 2
1 2 .4 3
1 2 .4 0
1 2 .4 2
1 2 .4 1
1 2 .4 2
1 2 .4 3
1 2 .4 2
1 2 .4 0
1 2 .4 1
1 2 .4 1
1 2 .4 2
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F ig u re  5 . D a ily  r i s e  and f a l l  d u r a t i o n s ,  Ju n e  1972 , 
W achapreague Dock.
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i n  t im e s  o f  th e  t i d e s  t h a t  a r e  r e l a t e d  to  th e  f a m i l i a r  
d i u r n a l  i n e q u a l i t i e s  i n  h e i g h t s .  D iu rn a l  i n e q u a l i t y  o f  b o th  
q u a n t i t i e s  i s  p r e s e n t  i n  m o st s e m id iu r n a l  t i d e s .  T h is  i s  a  
c o n se q u e n c e  o f  th e  m o o n 's  f o r t n i g h t l y  d e c l i n a t i o n a l  c y c l e ,  
p e rh a p s  m ore i n s t r u c t i v e l y  v iew ed  a s  an  i n t e r a c t i o n  o f  th e  
m ain  s e m id iu r n a l  (M2 , S2) c o n s t i t u e n t s  and  th e  m ain  d i u r n a l  
( ^ , 01 ) c o n s t i t u e n t s .  T h ese  c o n s t i t u e n t s ,  l i k e  a l l  
a s tro n o m ic  c o n s t i t u e n t s ,  h a v e  d i f f e r e n t  a n g u la r  sp e e d s  and 
h e n ce  p e r i o d i c a l l y  r e i n f o r c e  and o p p o se  one a n o th e r  a s  th e y  
p a s s  in  and  o u t  o f  p h a s e . O nly  th e  h ig h e r  h a rm o n ic  s h a l lo w -  
w a te r  c o n s t i t u e n t s  c a n  e f f e c t  a  lo n g - te r m  n e t  d u r a t i o n  
asym m etry  b e c a u s e  o n ly  th e y  h a v e  a n g u la r  sp e e d s  w h ich  a r e  
e x a c t  m u l t i p l e s  o f  th o s e  o f  t h e i r  p a r e n t  o s c i l l a t i o n s  and 
t h e r e f o r e  h a v e  m ore o r  l e s s  c o n s t a n t  p h a se  l a g s  w ith  r e s p e c t  
t o  th o s e  o s c i l l a t i o n s .  H ence, t i d e s  i n s i d e  th e  W achapreague 
m a rs h - la g o o n  com plex  h a v e  n e t  d u r a t i o n  a sy m m e tr ie s  w h ile  
th o s e  o f  th e  open o c ea n  t y p i c a l l y  do  n o t .  B ut a s  i s  q u i t e  
e v id e n t  i n  F ig u re  5 ,  a  g iv e n  d ay  may c o n ta in  v a lu e s  t o t a l l y  
u n r e l a t e d  t o  th e  lo n g  te rm  r e s u l t .
The above a n a ly s e s  p r o v id e  in f o r m a t io n  c o n c e rn in g  
d i s t o r t e d  t i d a l  w aves w h ich  i s  e s s e n t i a l l y  q u a l i t a t i v e .
F u r th e r  i n v e s t i g a t i o n  o f  th e  c o n s t i t u e n t s  c a u s in g  th e  
d i s t o r t i o n  w i l l  now b e  r e p o r t e d  u s in g  th e  r e s u l t s  o f  
s p e c t r a l  a n a ly s e s  p e rfo rm e d  on th e  d a t a .  T h is  w i l l  p ro v id e  
a m p li tu d e  and p h a se  in fo r m a t io n  n e c e s s a r y  to  m odel t h i s  
a s p e c t  o f  t h e  t i d e ' s  b e h a v io r  i n  th e  a r e a  o f  s tu d y .
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SPECTRAL ANALYSIS
The F o u r i e r  M odel
The sum o f  one o r  m ore h a rm o n ic  c o n s t i t u e n t s  may b e  
r e p r e s e n te d  by  a  f i n i t e  F o u r i e r  s e r i e s
n-1
h ( t )  = R0 +  2 ^  R^ jj co s  (m cot +  0m) +  Rn  co s  n cot (6 )
m=l
w here
R0 = mean v a lu e  o f  h  
ZR^ = a m p li tu d e  o f  t h e  m th c o n s t i t u e n t
Rn  = a m p li tu d e  o f  th e  n th  c o n s t i t u e n t
w i th  t h e  o t h e r  sym bo ls a s  d e f in e d  f o r  E q u a tio n  ( 5 ) .
E q u a tio n  ( 6 ) ,  h o w e v e r , d e n o te s  h a rm o n ic  te rm s  w i th  oj = 2tt/T  
vd iere  T i s  ta k e n  a s  th e  fu n d a m e n ta l p e r io d  o f  th e  s e r i e s  and 
i n  th e  m odel i s  s e t  e q u a l  t o  th e  l e n g th  o f  t h e  r e c o r d  
o b s e rv e d .  To f i t  d a t a  to  t h i s  ty p e  o f  m o d e l, one m ust
o b ta in  N = T /  At d i s c r e t e  d a t a  o b s e r v a t io n s  w here  At i s  th e
sa m p lin g  i n t e r v a l .  The num ber o f  h a rm o n ic  c o n s t i t u e n t s  
fo u n d  by  t h i s  m ethod  i s  e q u a l  t o  o n e - h a l f  o f  th e  d a t a  p o in t s  
u se d  (n  = N / 2 ) .
The " f i t "  o f  t h e  m odel i s  a c h ie v e d  by  s e t t i n g  t '  = t / A t  
and s o lv in g  f o r  th e  F o u r i e r  c o e f f i c i e n t s
50
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N-1
A — 1 \  r. / . /\ 2 TT m t/Ajq -  N 2_, k ( t  ) co s  n
t’=o
^  = FT Z  h ( t / )  s i n
t*:0
a f t e r  w h ich  and 0m a r e  com puted a s
^  +
0m = ARCTAN - ^
T h is  p ro c e d u re  in v o lv e s  a  g r e a t  many c a l c u l a t i o n s  f o r  
t h e  k in d  o f  r e c o r d  l e n g th s  r e q u i r e d  and was t h e r e f o r e  c o s t l y  
t o  ru n  ev en  f o r  l a r g e  c o m p u te rs  u n t i l  th e  r e c e n t  a d v e n t  o f  
th e  F a s t  F o u r i e r  T ra n sfo rm  (FFT) w h ich  g r e a t l y  re d u c e s  th e  
n e c e s s a r y  ru n n in g  t im e s .  D e ta i l e d  d e s c r i p t i o n s  o f  th e  FFT 
and i t s  u s a g e  may be found  in  m ost r e c e n t  t e x t s  on s p e c t r a l  
a n a l y s i s  ( J e n k in s  and W a tts ,  1968; B e n d a t and  P i e r s o l ,
1 9 7 1 ) .
B e fo re  a p p ly in g  t h i s  ty p e  o f  m o d e l, i t  i s  to  be  n o te d  
t h a t  E q u a tio n  (6 )  d e s c r ib e s  a  t r u e  p e r i o d i c  f u n c t io n ;  i . e . ,  
a l l  o f  i t s  h a rm o n ic  c o n s t i t u e n t s  h a v e  a n g u la r  sp e e d s  (m to) 
w h ich  a r e  i n t e g r a l  m u l t i p l e s  o f  th e  fu n d a m e n ta l sp eed  
( w =  2 tt/ T )  . In  m ost r e c o rd e d  s e r i e s ,  none  o f  th e  p r im a ry  
t i d a l  c o n s t i t u e n t s  a r e  so  r e l a t e d ,  h e n c e  r e s u l t a n t  t i d a l
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c u rv e s  a r e  n o t ,  i n  th e  f i n i t e  s e n s e ,  p e r i o d i c . 1 T h is  
sh o r tc o m in g  i s  overcom e th ro u g h  th e  u s e  o f  s p e c i a l  d a ta  
a n a l y s i s  m e th o d s.
The P e rio d o g ram
The mean s q u a re  v a lu e  o f  a  p e r io d i c  f u n c t io n  h C t7) ,  
t '  ~ 0 , 1 , 2 , . . . ,  N - l ,  can  b e  decom posed i n t o  mean s q u a re  
v a lu e s  a s s o c i a t e d  w ith  e a c h  h a rm o n ic  te rm  in  E q u a tio n  ( 6 ) ,  
o r
£  £  h ( t V  = R o S +  2 R ^ + R ^
t'=o m=i
w h ich  i s  a t t r i b u t a b l e  t o  P a r s e v a l 's  Theorem  ( J e n k in s  and 
W a t ts ,  1968 , p . 2 1 ) .  The above e q u a t io n  can  a l s o  be 
e x p re s s e d  in  te rm s o f  th e  mean s q u a re  v a lu e  a b o u t th e  m ean; 
i . e . ,  t h e  v a r i a n c e
°* I  [ h ( t ' ) - R o l =  -  2 " £  R£ + R£ (7 )
t'ro m=1
T h is  e x p re s s io n  p ro v id e s  a  means o f  e s t im a t in g  th e  
a v e ra g e  pow er o r  v a r i a n c e  w i th in  s e l e c t e d  r e g io n s  (b an d s)  
o f  th e  f re q u e n c y  s p e c tru m , B ased  on N d a ta  p o i n t s , a  g ra p h  
show ing  th e  f re q u e n c y  d i s t r i b u t i o n  o f  th e  v a r i a n c e  can  be
1They w ould b e  e s s e n t i a l l y  p e r io d i c  o n ly  i f  t h e  r e c o r d
le n g th s  w ere  e q u a l  t o  t h e  fu n d a m e n ta l t i d a l  p e r io d  o f
1 8 .6  y e a r s .
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c o n s t r u c t e d  c o v e r in g  t h e  r a n g e  o f  f r e q u e n c ie s  b e tw een  th e  
fu n d a m e n ta l f r e q u e n c y , f f  = 1/NAT, and a  " c u t o f f "  f r e q u e n c y , 
f  = 1 / 2 A t. T h is  ra n g e  may b e  s u b d iv id e d  i n t o  P num ber o f  
b a n d s , e a c h  c o n ta in in g  th e  v a r i a n c e  c o n t r ib u te d  from  L te rm s 
i n  E q u a tio n  (7 )  so  t h a t  P = N /2L . T h u s , t h e  a v e ra g e  pow er 
o r  v a r i a n c e  a r i s i n g  from  th o s e  h a rm o n ic  c o n s t i t u e n t s  whose 
f r e q u e n c ie s  f a l l  w i th in  a  g iv e n  band  may b e  r e p r e s e n te d  by  
a  v a r i a n c e  e s t im a te  a t  t h e  m id p o in t  o f  t h a t  band a t  th e  
f re q u e n c y
_ (2K -1)L + 1. r  o P
f k  'im t  K  1 » z » • • • »  F *
F o r  ex am p le , th e  m id p o in t  o f  th e  f i r s t  band  in  a  s e r i e s  
w here  N = 2 4 , L = 4 ,  At = 0 .5  h r  i s  fo u n d  a t  f x = 3 /2 4  CPH 
w here  th e  v a r i a n c e  e s t im a te  w i th in  th e  band  i s  
2 (R f +  R® +  R® + R | ) .
The above p ro c e d u re  r e s u l t s  i n  w ha t i s  c a l l e d  th e  raw  
p e rio d o g ra m . In  d e a l in g  w i th  a  f i n i t e  s e r i e s ,  su c h  a  
p e r io d o g ra m  w i l l  b e  d i s t o r t e d  by pow er " l e a k a g e ;"  i . e . ,  
pow er w h ich  sh o u ld  o c c u r  a t  one f re q u e n c y  o n ly  i s  
d i s t r i b u t e d  a t  a d ja c e n t  f r e q u e n c ie s  to  a  g r e a t e r  o r  l e s s e r  
e x t e n t  a s  w e l l .  T h is  d i s t r i b u t i o n  can  be e x p re s s e d  by a 
m a th e m a tic a l  fo rm u la  known a s  a  window f u n c t i o n ,  w h ich  in  
t u r n  can  b e  m o d if ie d  by  v a r i o u s  t r e a tm e n ts  o f  th e  d a t a  
t h a t  r e d u c e  th e  "e n d "  e f f e c t s  a r i s i n g  i n  a  f i n i t e  s e r i e s .
The t r e a tm e n t ,  c a l l e d  a  d a t a  w indow , may in c lu d e  t a p e r in g  
th e  en d s o f  t h e  s e r i e s  th ro u g h  a  c o s in e  a t t e n t u a t i o n
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f u n c t i o n .  T h is  h a s  th e  e f f e c t ,  t h e n ,  o f  r e d u c in g  le a k a g e  
so  t h a t  m ore o f  th e  e n e rg y  in  th e  m o d if ie d  p e rio d o g ra m  
f a l l s  w i th in  th e  a p p r o p r i a t e  b a n d .
F i n a l l y ,  i t  i s  d e s i r a b l e  t o  c a r r y  o u t  f re q u e n c y  
sm o o th in g  w i th in  th e  m o d if ie d  p e r io d o g ra m . U sing  FFT 
p r o c e d u r e s ,  t h i s  in v o lv e s  s e l e c t i n g  th e  p ro p e r  band w id th  
t o  in c lu d e  enough R^ te rm s  t o  o b ta in  a  p r e c i s e  enough 
a v e ra g e  f o r  any  g iv e n  b a n d . S in c e  b a n d w id th  i s  e q u a l  to  
L /N A t, one m a in ta in s  a  s m a ll  b a n d w id th  ( n e c e s s a r y  f o r  good 
r e s o l u t i o n )  and a v e ra g e s  m ore R^ te r m s ,  L , ( n e c e s s a r y  f o r  
good p r e c i s i o n )  by  i n c r e a s in g  th e  l e n g th  o f  th e  s e r i e s ,  NAt.
T h is  c a n  be  done  by  e i t h e r  i n c r e a s in g  th e  num ber o f  
o b s e r v a t io n s ,  N, o r  th e  sa m p lin g  i n t e r v a l ,  A t. H ow ever, 
t h e r e  i s  a  l i m i t a t i o n  on th e  sa m p lin g  i n t e r v a l ;  t h e  c u t o f f  
f r e q u e n c y  f £ = l /2 A t  m ust b e  g r e a t e r  th a n  th e  h i g h e s t  
f re q u e n c y  com ponent l i k e l y  t o  be  s i g n i f i c a n t  in  te rm s o f  
a m p li tu d e  in  th e  d a t a  i n  o r d e r  to  a v o id  a l i a s i n g  o r  
" f o l d in g "  o f  e n e rg y  b a c k  i n t o  th e  lo w e r f re q u e n c y  r e g i o n s .
A co m p u te r p ro g ram  f o r  a c c o m p lis h in g  s p e c t r a l  a n a l y s i s  
o f  t i d a l  d a ta  (SATIDE), w r i t t e n  by th e  a u th o r  f o r  t h e  IBM 
360 , may b e  fo u n d  i n  A ppend ix  B. T h is  p rog ram  u t i l i z e s  a 
c o s i n e - t a p e r  d a t a  window and sy s te m  360 s c i e n t i f i c  
s u b r o u t in e s  f o r  FFT c o m p u ta t io n s .
R e s u l t s  o f  S p e c t r a l  A n a ly s is
T id a l  r e c o r d s  f o r  th e  f o u r  s t a t i o n s  a v a i l a b l e  w ere  
a n a ly z e d  u s in g  p ro g ram  SATIDE. R eco rd  l e n g th s  o f  43 d ay s
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w ith  o b s e r v a t io n s  ta k e n  a t  a  sa m p lin g  i n t e r v a l  o f  % -hour 
w ere  u se d  a t  e a c h  s t a t i o n .  The r e s u l t s  a r e  shown in  
F ig u r e s  6 ,  7 , 8 ,  and 9 , w h ich  i n d i c a t e  th e  s t a t i o n  names 
and th e  d a t e s  c o v e re d  in  e a c h  c a s e .  B an d w id th s o f  .1872  
c y c le s  p e r  d a y  w ere  s e l e c t e d  u s in g  8 c o e f f i c i e n t  te rm s  p e r  
b a n d . V a r ia n c e  e s t im a t e s  w i th in  e a c h  band  a r e  d i s t r i b u t e d  
a s  a  c h i - s q u a r e  v a r i a b l e  w i th  a p p ro x im a te ly  16 d e g re e s  o f  
fre e d o m ; th e  ra n g e  o f  e x p e c te d  v a lu e s  c a l c u l a t e d  a t  t h e  80% 
l e v e l  o f  c o n f id e n c e  i s  shown i n  th e  lo w e r r i g h t  c o r n e r  o f  
e a c h  f i g u r e .  P l o t t i n g  t h e  lo g  o f  v a r i a n c e  on th e  o r d i n a t e  
a x i s  p e rm i ts  th e  e r r o r  e s t im a t e  t o  b e  d i s p la y e d  a s  a  band 
o f  c o n s t a n t  w id th  w h ich  i s  a p p l i c a b l e  a t  a l l  p o i n t s  i n  th e  
g r a p h .
In  e a c h  f i g u r e ,  a  s e m id iu r n a l  p e a k  i s  d o m in an t a t  a  
f r e q u e n c y  o f  2 .0  c y c le s  p e r  d ay  (CPD). The p r i n c i p a l  
d i u r n a l  c o n s t i t u e n t s ,  Kx and O j , a r e  a l s o  p r e s e n t  in  e v e ry  
c a s e ,  a l th o u g h  th e  b a n d w id th s  u se d  a r e  i n s u f f i c i e n t  to  
r e s o l v e  th e  tw o p e ak s  w h ich  o c c u r  a t  1 .0 0 3  and 0 .9 2 9  CPD, 
r e s p e c t i v e l y .  S i m i l a r l y ,  th e  Sa c o n s t i t u e n t  (2 .0 0 0  CPD) 
m erges w i th  th e  M3 c o n s t i t u e n t  (1 .9 3 2  CPD). I t  i s  n o t  
n e c e s s a r y ,  h o w e v e r , t h a t  t h e s e  c o n s t i t u e n t s  b e  r e s o lv e d  f o r  
p r e s e n t  p u r p o s e s .
S e v e r a l  ex am p le s  o f  th e  s h a l lo w  w a te r  t i d e s  a l s o  
a p p e a r  i n  f i g u r e s  6 - 9 ,  t h e  m ain  ones b e in g  M4 and Mg.
O th e r  s h a l lo w - w a te r  t i d e s  a r e  i n d i c a t e d ,  some o f  w h ich  may 
b e  o f  d i u r n a l  o r i g i n  (o n e  p eak  t o  t h e  l e f t  o f  M4 , one to  
t h e  l e f t  o f  Ms ) ,  o t h e r s  r e p r e s e n t i n g  i n t e r a c t i o n s  b e tw een
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F o u r i e r  p e r io d o g ra m , W allo p s  I s l a n d ,  J u l y  27 to  
S ep tem b er 7 , 1970 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
05
Lf>
CO
o T”ooo
T"
oo
<-----  ( 2 u io  ) 3  O N V  I d V A
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission
FR
E
Q
U
E
N
C
Y
 
( 
cy
cl
e
s/
d
a
y
)
Figure 7. Fourier periodogram, Wachapreague Inlet, Oct.
to Dec. 11, 1972.
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F ig u r e  8 . F o u r i e r  p e r io d o g ra m , W achapreague Dock, O c t. 15 
t o  Nov. 2 6 , 1972 .
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Figure 9. Fourier periodogram, Little Fool Creek, Oct.
to Nov. 26, 1972.
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th e  m a jo r  c o n s t i t u e n t s .  R e s t r i c t i n g  a t t e n t i o n  to  th e  M4 and 
Mg c o n s t i t u e n t s  (w h ich  a r e  by  no m eans e x h a u s t iv e  o f  th e  
s h a l lo w -w a te r  t i d a l  c o n te n t )  one n o t i c e s  t h a t  th e  M4 p e a k  i n  
p a r t i c u l a r  i s  en h an ced  r e l a t i v e  t o  th e  M2 p e a k  a t  
W achapreague I n l e t  ( F ig .  7) a s  com pared to  W allo p s  I s l a n d  
( F ig .  6 ) .  S t i l l  f u r t h e r  enhancem en t i n  b o th  th e  M4 and th e  
Mg p e ak s  i s  s e e n  a t  W achapreague Dock ( F ig .  8) and L i t t l e  
F o o l C reek  ( F ig .  9 ) .  The i n c r e a s e  i n  M4 , Mg a m p li tu d e s  a t  
t h e  in la n d  s t a t i o n s  i s  p ro b a b ly  d ue  to  a  c o m b in a tio n  o f  
s h a l lo w -w a te r  e f f e c t s  and th e  s l i g h t l y  g r e a t e r  ra n g e  o f  
t i d e  found  in la n d .
Q u a n t i t a t i v e  c o m p a riso n  o f  t h e  m a jo r  c o n s t i t u e n t s  i s  
p ro v id e d  by  a d d i t i o n a l  o u tp u t  from  p rogram  SATIDE a s  
sum m arized  in  T a b le  6 , i n  w h ich  th e  a m p li tu d e s  a r e  e x p re s s e d  
a s  f r a c t i o n s  o f  t h e  mean a m p li tu d e  o f  th e  o b se rv e d  t i d e  f o r  
th e  s e r i e s  i n  q u e s t io n .  The r e l a t i v e  a m p li tu d e  f o r  th e  M4 
com ponen t, th o u g h  s m a ll  i n  c o m p a riso n  to  M2 , i s  a b o u t 
d o u b le  i n  v a lu e  a t  W achapreague Dock a s  com pared to  W allo p s  
I s l a n d .  The in c r e a s e  i n  M4 , a lo n g  w i th  t h e  som ewhat s m a l le r  
i n c r e a s e  in  Mg, i s  s u f f i c i e n t  in  i t s e l f  to  a c c o u n t  f o r  th e  
n e t  d u r a t i o n  asym m etry  o b se rv e d  a t  W achap reague . T h is  w i l l  
now b e  d e m o n s tra te d  by  th e  u s e  o f  a  m o d el.
T id e  M odel
F o r a  g iv e n  d a y , l e t  th e  s e m id iu r n a l  t i d e  c u rv e  
c o v e r in g  a  s i n g l e  c y c le  b e  s im u la te d  by
h ( t )  = R0 + 2Rxcos cot + 2R3cos(2cot-01) + 2Racos(3  cot-02)
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TABLE 6
PERCENTAGES OF TOTAL VARIANCE AND RELATIVE* 
AMPLITUDES FOR THE MAIN TIDAL CONSTITUENTS 
AND THE OVERTIDES M„ AND MA4  o
S t a t i o n C o n s t i t u e n t s 7o V a r ia n c e  R e l . A m p litu d e
W allo p s  I s . Kx +  0X 4 .9 7 0 .2 2 3
M2 +  S2 8 8 .4 7 0 .9 4 1
K 0 .0 6 0 .0 2 5
Me 0 .1 4 0 .0 3 3
TOTAL 9 3 .6 4
W ach. I n l e t Ki +  0 , 4 .2 2 0 .2 0 6
Ma + S3 7 7 .8 2 0 .8 8 2
M4 0 .1 3 0 .0 3 6
Ms 0 .0 9 0 .0 3 0
TOTAL 8 2 .2 6
W ach. Dock
Ki  +  °x
4 .6 1 0 .2 1 5
m2 + s 2 8 7 .8 6 0 .9 3 7
m4 0 .3 8 0 .0 6 3
Ms 0 .2 4 0 .0 4 9
TOTAL 9 3 .0 9
L i t t l e  F o o l K, +  0, 4 .6 4 0 .2 1 5
M +  S3 3 8 7 .1 5 0 .9 3 9
m4 0 .3 4 0 .0 6 1
M6 0 .2 0 0 .0 4 5
TOTAL 9 2 .3 3
* R e la t iv e  to mean a m p li tu d e  o f  o b s e rv e d  t i d e .
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w here
R0 = mean l e v e l  above  datum  
2R1 = fu n d a m e n ta l s e m id iu r n a l  a m p li tu d e  
2RS = f i r s t  h a rm o n ic  a m p li tu d e  
2R3 = seco n d  h a rm o n ic  a m p li tu d e  
0 i , 0a = p h a se  l a g s  r e l a t i v e  t o  fu n d a m e n ta l 
ui = 2 tt/ T ,  T = 1 2 .4 2  h o u r s .
By r e s t r i c t i n g  th e  u s e  o f  th e  m odel t o  a  s i n g l e  t i d a l  
c y c l e ,  2RX can  b e  v iew ed  a s  a  s i n g l e  c o n s t i t u e n t  whose 
a m p li tu d e  r e p r e s e n t s  v a r io u s  c o m b in a tio n s  o f  th e  a c t u a l  
s e m id iu r n a l  a m p l i tu d e s ,  M2 and S3 . F o r  ex am p le , s e t t i n g  
2RX = Ms +  Sg s im u la te s  a  s p r in g  t i d e ,  2R1 = M3 -  S2 a  n e a p  
t i d e ,  and 2R1 = M3 an a v e ra g e  t i d e .
R e c a l l in g  t h a t  t h e  a m p li tu d e  o f  a  q u a r t e r - d i u r n a l  
c o n s t i t u e n t  v a r i e s  a s  th e  s q u a re  o f  t h e  s e m id iu rn a l  
c o n s t i t u e n t ,
2R3 = ( 2RX ) 2 ; Kx a  c o n s t a n t
S i m i l a r l y ,
2R3 = K3 (2R1 ) 3 ; K2 a  c o n s t a n t
and by d e f i n i n g  d im e n s io n le s s  a m p li tu d e s  R^  ^ 7 = 2R !/H ,
R2 7 = 2Ra /H , R3 7 = 2R3 /H , w here  H = r e s u l t a n t  t i d a l  
a m p l i tu d e ,  o r  o n e - h a l f  th e  o b se rv e d  t i d a l  r a n g e ,  th e  m odel 
becom es
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h ( t )  = R0 + Rl 'H c o s  c o t  +  /3H3c o s (2  cot -  0X )
+  / 3 H3 c o s ( 3 tot  -  0 2 ) ( 8 )
U sin g  th e  L i t t l e  F o o l C reek  d a t a ,  ^ ' = 0 .9 4  (T a b le  6 ) ,
Kx = 0 .1 0  m"1 , K3 = 0 .1 1  ra"a . The p h a se  l a g s  \  and 02 
w ere  d e te rm in e d  from  a  w e ig h te d  a v e ra g e  o f  th e  s q u a re s  o f  
t h e  b a s i c  f o u r i e r  c o e f f i c i e n t s ,  and B^, in  th e  r e g io n  o f  
th e  known f r e q u e n c ie s  f o r  Mg , M4 , and Mg . The w e ig h tin g  
was done u s in g  a  c o s i n e - t a p e r  window f u n c t io n  (B en d a t and 
P i e r s o l ,  1 9 7 1 , p . 325) c e n te r e d  a t  e a c h  f re q u e n c y ;  th e  
r e s u l t s  w ere  0X = 3 7 .0 °  and 0a = - 1 6 .6 ° .
A s im u la te d  c u rv e  f o r  a  n o rm a l t i d e  (H = 0 .6 1  m) a t  
L i t t l e  F o o l C reek  i s  shown in  F ig u re  10 . The d i f f e r e n c e  
b e tw e e n  th e  r i s e  and f a l l  d u r a t i o n s  o f  t h i s  c u rv e  i s  0 .4 8  
h o u r .  F o r  a  s p r in g  t i d e  (H = 0 .7 2  m ), th e  d i f f e r e n c e
i n c r e a s e s  to  0 .5 2  h o u r  and f o r  a  n e a p  t i d e  (H = 0 .4 5  m ),
th e  d i f f e r e n c e  d e c r e a s e s  to  0 .4 0  h o u r .  T hese  d i f f e r e n c e s  
a r e  w i th in  ra n g e  o f  th e  m o n th ly  and  y e a r l y  a v e ra g e  
d i f f e r e n c e s  found  n e a rb y  a t  W achapreague Dock (T a b le s  2 - 4 ) .
The m odel th u s  d e p i c t s  a  t y p i c a l  s e m id iu r n a l  o s c i l l a t i o n ,  
i n c lu d in g  th e  d i s t o r t i o n  w h ich  a p p e a rs  i n  th e  lo n g  ru n  due  
t o  o v e r t i d e s ,  a t  t h e  s tu d y  s i t e .
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F ig u re  10 . M odel t i d e  c u rv e  b a se d  on E q u a tio n  ( 8 ) ,  u s in g  
H = 0 .6 1  m.
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TIDAL DISCHARGE RELATIONSHIPS 
IN MARSH CREEKS
I n t r o d u c t io n
In  th e  p r e v io u s  s e c t i o n ,  a  m odel o f  t h e  t i d e  was 
p r e s e n t e d ,  r e p r e s e n t i n g  th e  s tu d y  a r e a ,  b u t  c o n s id e r e d  
h e r e  to  b e  t y p i c a l  o f  many s h a l lo w  m a rs h - la g o o n  e n v i r o n ­
m en ts  i n  te rm s  o f  t h e i r  te n d e n c y  t o  g e n e r a t e  s h a l lo w -w a te r  
t i d e s .  One o t h e r  r e l a t i o n s h i p  i s  n e e d e d  b e f o r e  an  
i n v e s t i g a t i o n  o f  d i s c h a r g e  r e l a t i o n s h i p s  i n  m arsh  c re e k s  
can  b e  m ade. T h is  i s  th e  t i d a l  s t o r a g e  r e l a t i o n s h i p  w h ich  
d e f i n e s  t h e  v o lum es o f  w a te r  w h ich  m u st u n d e rg o  t r a n s p o r t  
to  and from  th e  m arsh  f o r  any  c o m b in a t io n  o f  t i d e s .  From  
t h e  two p r i n c i p a l  f a c t o r s  o f  t i d e  and s t o r a g e , th e  t im e -  
v a ry in g  d i s c h a r g e  w i l l  em erge f o r  t h e  c o n v ey an ce  c h a n n e ls  
h a n d l in g  th e  d i s c h a r g e .  I t  i s  n e c e s s a r y  t o  b e g in  w ith  a  
d i s c u s s i o n  o f  t i d a l  c h a n n e l  c h a r a c t e r i s t i c s  and th e  
m o rpho logy  o f  m arsh  d r a in a g e  b a s i n s .
S t r a h l e r ' s  (19 5 2 ) v e r s i o n  o f  H o r to n 's  (1945) c l a s s i f i ­
c a t i o n  o f  s t r e a m  seg m en ts  i n  te rm s  o f  s t r e a m  o r d e r  w i l l  b e  
fo llo w e d  i n  t h i s  s tu d y .  The s m a l l e s t  c h a n n e l  se g m e n ts , 
th o s e  w h ich  t e r m in a te  on th e  m a rsh , w i l l  b e  d e s ig n a te d  f i r s t  
o r d e r ;  w here  two su c h  seg m en ts  j o i n ,  th e  r e s u l t a n t  seaw ard
65
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segm en t w i l l  b e  te rm ed  s e c o n d - o r d e r ,  s e c o n d -o rd e r  seg m en ts  
g iv in g  r i s e  t o  t h i r d - o r d e r  s e g m e n ts , and  so  o n . A lth o u g h  
s u b j e c t  t o  some i n t e r p r e t a t i o n ,  a  t y p i c a l  m arsh  c h a n n e l 
sy s te m  w i l l  b e  f a i r l y  low  in  o r d e r ;  i . e . ,  th e  t r u n k  c h a n n e l 
form ed by  c o a le s c in g  s m a l l e r  seg m en ts  w i l l  u s u a l l y  b e  o f  
t h i r d  o r  f o u r t h - o r d e r .  The sy s te m  s e l e c t e d  f o r  i n t e n s i v e  
s tu d y ,  L i t t l e  F o o l C re ek , i s  shown in  F ig u r e  11 .
The m odel to  b e  d e v e lo p e d  i n  t h i s  s e c t i o n  i s  in te n d e d  
to  a p p ly  i n  g e n e r a l  to  any  o f  t h e  lo w -o rd e r  d r a in a g e  
c h a n n e ls  commonly found  i n  t i d a l  m a rs h e s . S p e c i f i c a l l y ,  a  
m odel i s  so u g h t w h ich  w i l l  s im u la te  th e  t im e -v a ry in g  t i d a l  
d i s c h a r g e  p a s t  a  c r o s s - s e c t i o n  n e a r  th e  m outh o f  th e  t r u n k  
c h a n n e l ,  c o n s id e r e d  h e r e  t o  b e  th e  d i v id i n g  p o i n t  b e tw een  
th e  m arsh  d r a in a g e  n e tw o rk  p r o p e r  and th e  m ain  con v ey an ce  
c h a n n e ls  t h a t  u l t i m a t e l y  j o i n  w i th  th e  o c e a n , a s  a t  
W achapreague I n l e t  (F ig .  1 ) .
E s s e n t i a l  t o  th e  m odel i s  th e  a ssu m p tio n  t h a t  m arsh  
c h a n n e ls  fo rm  a  c lo s e d  sy s te m ; i . e . ,  e a c h  c h a n n e l ,  a lo n g  
w ith  e a c h  o f  i t s  t r i b u t a r i e s ,  e n d s  on th e  m arsh . T h is  
a ssu m p tio n  i s  q u e s t io n a b le  f o r  c h a n n e ls  t h a t  a p p e a r  
c o n tin u o u s  a l l  th e  way th ro u g h  th e  m arsh  (f ro m  one bay  o r  
l a r g e  t r i b u t a r y  t o  th e  n e x t )  and f o r  c e r t a i n  p e r io d s  o f  
c o m p le te  m arsh  f lo o d in g .  H ow ever, th e  m arsh es  u n d e r  s tu d y  
n e a r  W achapreague c o n ta in  few  su c h  o p en -en d ed  c h a n n e ls  
w h ich  a r e  n o t ,  in  f a c t ,  two d i s t i n c t  c h a n n e l sy s te m s 
s t r a d d l i n g  a  common d ra in a g e  d i v i d e .  In  b r o a d e r  te rm s , one 
u s u a l l y  f i n d s  d i s t i n c t  d r a in a g e  a r e a s  on th e  m arsh es
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F ig u r e  11 . B la c k  and w h ite  i n f r a r e d  p h o to g ra p h  o f  L i t t l e  
F o o l C re ek  p i c t u r e d  a t  low  t i d e ,  A p r i l  6 ,  1973 
(w a te r  a r e a s  a p p e a r  b la c k ;  d i s t a n c e  b e tw een  
m id d le  and lo w e r b r id g e s  a c r o s s  c r e e k  i s  a b o u t 
143 m, o r  469 f t ) .
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a s s o c i a t e d  w ith  a  c h a n n e l  n e tw o rk  l e a d in g  t o  a  s i n g l e  t r u n k  
c h a n n e l c o n v ey in g  m o st o f  th e  f lo w . M o reo v er, n e t  ex ch an g e  
o f  w a te r  vo lum es b e tw e e n  su ch  a r e a s  i s  p ro b a b ly  m in im a l, 
e x c e p t  d u r in g  th o s e  p e r io d s  o f  e x tre m e  f lo o d in g  m o st o f t e n  
accom pan ied  by  h ig h  w in d s .
D is c h a rg e  M odel
C o n s id e r  a  f r i c t i o n l e s s  m arsh  c h a n n e l c lo s e d  a t  one 
end (F ig u r e  1 2 ) .
( 1) A (area of free  surface)
A h ZZZ
F ig u re  1 2 . L o n g i tu d in a l  s e c t i o n ,  i d e a l i z e d  c h a n n e l .
A f lo w  o f  w a te r  p a s t  s e c t i o n  (1 )  i n  th e  l o n g i t u d i n a l  
d i r e c t i o n  w i l l  c a u s e  a  volum e c h a n g e , AV = AAh w here  A i s  
th e  f r e e  s u r f a c e  a r e a ,  Ah i s  th e  ch an g e  in  h e ig h t  d u r in g  
some i n t e r v a l  A t. The c o n t i n u i t y  e q u a t io n  f o r  d i s c h a r g e  a t  
s e c t i o n  (1 )  can  th e n  be  w r i t t e n
9  =  A HIE ( 9 )
w here  q h a s  th e  d im e n s io n s  o f  volum e p e r  u n i t  t im e .
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The ab o v e  e q u a t io n  may b e  e x p e c te d  t o  h o ld  in  s m a ll  
c h a n n e ls  w h ere  t i d a l l y - i n d u c e d  f r e e  s u r f a c e  s lo p e s  a r e  n o t  
a p p r e c i a b le  i n  v ie w  o f  th e  s h o r t  c h a n n e l  l e n g th  a s  com pared 
to  t h e  t i d a l  w a v e le n g th . I t  i s  t o  b e  n o te d ,  h o w e v e r, t h a t  
t h i s  m odel i s  in te n d e d  t o  d e p i c t  t h e  i d e a l  b e h a v io r  o f  th e  
d i s c h a r g e  and  i s  t h e r e f o r e  s u b j e c t  to  su c h  e r r o r s  a s  may 
a r i s e  due  t o  l o c a l  v a r i a t i o n s  in  s lo p e  w i t h in  th e  c h a n n e l ,  
due t o  w ind s t r e s s  and  f r i c t i o n a l  e f f e c t s .
I n t e g r a t i o n  o f  E q u a tio n  (9 )  p ro d u c e s  an  e q u a t io n  u s e f u l  
in  o b t a in in g  th e  t o t a l  vo lum e o f  w a te r  t r a n s p o r t e d  d u r in g  
some tim e  i n t e r v a l ,  A t. I f  A t = t  -  t  , w h i le  
Ah = h  -  h , , th e na l  7
w here  Q h a s  t h e  d im e n s io n s  o f  volum e o n ly .
T h e re  w i l l  now f o l lo w  a  d e v e lo p m e n t o f  th e  f a c t o r s  in  
e q u a t io n s  (9 )  and  (1 0 ) l e a d in g  to  t r a n s p o r t  m odels w h ich  can  
be  t e s t e d  a g a i n s t  f i e l d  d a t a .  B e g in n in g  w i th  E q u a tio n  ( 1 0 ) ,  
th e  t o t a l  d i s c h a r g e  i n  a  h a l f  t i d a l  c y c le  ( t h e  f lo o d  o r  ebb 
p r ism )  can  b e  d e v e lo p e d  a t  t h e  s tu d y  s i t e  from  a  know ledge 
o f  th e  h e i g h t - a r e a  r e l a t i o n s h i p  to  b e  fo u n d  t h e r e .
H e ig h t-A re a  R e la t i o n s h ip
The r e l a t i o n s h i p  b e tw ee n  th e  h e i g h t  o f  th e  t i d e  and th e  
f r e e  s u r f a c e  a r e a  w i t h in  a  m arsh  i s  c l e a r l y  a  f u n c t io n  o f  
d r a in a g e  b a s in  m o rp h o lo g y . As th e  t i d e  r i s e s ,  th e  w a t e r 's  
edge  i s  a t  f i r s t  r e s t r i c t e d  w i th in  w e l l - d e f in e d  c h a n n e ls ,
( 10)
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b u t  so o n  b e g in s  t o  co n fo rm  to  e v e r -w id e n in g , p e a r - s h a p e d  
c o n to u r s  a t  th e  h e a d s  o f  th e  f i r s t - o r d e r  c h a n n e ls  (F ig u re  
1 3 ) .  As th e  w a te r s  r e a c h  th e  maximum e l e v a t i o n s  on th e  
m a rsh , th e  a p p e a ra n c e  o f  t h e  f r e e  s u r f a c e  i s  a  ro u g h ly  
c i r c u l a r  o u t l i n e  a t  th e  moment o f  m e rg e r  w i th  t h e  w a te r s  
from  a d ja c e n t  d r a in a g e  sy s te m s . C o n ta in e d  w i th in  th e  
c i r c u l a r  o u t l i n e  and  l a s t  t o  b e  c o v e re d  a r e  th e  c h a n n e l 
le v e e s  w h ich  b o r d e r  th e  h ig h - o r d e r  c h a n n e ls ,  i n c lu d in g  th e  
m ain  th o r o u g h f a r e  ( lo w e r  r i g h t  c o r n e r ,  F ig .  11) le a d in g  to  
th e  o c e a n .
The s u b j e c t  o f  h e i g h t - a r e a  (h y p s o m e tr ic )  r e l a t i o n s h i p s  
i n  t e r r e s t r i a l  d r a in a g e  b a s in s  h a s  b e en  g iv e n  th o ro u g h  
t r e a tm e n t  b y  S t r a h l e r  (1 9 5 2 ) , who c o n d u c te d  a  m a th e m a tic a l  
a n a l y s i s  d e a l in g  w i th  la n d  a r e a  above a  g iv e n  c o n to u r ,  
d e te rm in e d  a t  r e g u la r ly - s p a c e d  c o n to u r  i n t e r v a l s  and 
e x p re s s e d  a s  a  f r a c t i o n  o f  th e  t o t a l  a r e a  i n  th e  b a s i n .  
S t r a h l e r ' s  h y p s o m e tr ic  fo rm u la s  p e rm i t  b o th  h e ig h t  and  a r e a  
to  b e  c a s t  a s  d im e n s io n le s s  v a r i a b l e s .  The f u n c t io n  u se d  
to  d e s c r i b e  th e  r e l a t i o n s h i p  i s
w here  d and a  a r e  c o n s t a n t s  r e p r e s e n t i n g  maximum and minimum 
a r e a  r e s p e c t i v e l y ,  x  and y  a r e  v a r i a b l e s  r e p r e s e n t i n g  a r e a  
and r e l a t i v e  h e ig h t  r e s p e c t i v e l y ,  and  z i s  an  e x p o n e n t ia l  
c o n s t a n t .  S t r a h l e r  d e m o n s tra te d  t h a t  a  w ide  v a r i e t y  o f  
t e r r e s t r i a l  d r a in a g e  b a s in s  c o u ld  b e  d e s c r ib e d
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F ig u r e  13 . B la c k  and w h ite  i n f r a r e d  p h o to g ra p h  o f  L i t t l e  
F o o l C reek  p i c t u r e d  d u r in g  th e  i n i t i a l  s t a g e  
o f  m arsh  f lo o d in g  (MLW + 1 .0 0  m o r  3 .2 8  f t ) .
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h y p s o m e t r i c a l ly  by  th e  above fo rm u la  w hich  g e n e r a te s  a  l a r g e  
f a m i ly  o f  c u rv e s  d e p e n d e n t on o n e 's  c h o ic e  o f  z and th e  
f a c t o r  r  = a / d ,  a  c o n s ta n t  c o n t r o l l i n g  th e  d e g re e  o f  
c u r v a t u r e .
In  th e  p r e s e n t  c a s e ,  i t  i s  n o t  la n d  a r e a  b u t  w a te r  
a r e a  t h a t  i s  r e q u i r e d .  The l a t t e r  i s  e a s i l y  o b ta in e d  a t  
any  g iv e n  h e i g h t  a s  t h e  d i f f e r e n c e  b e tw een  u n f lo o d e d  la n d  
a r e a  and th e  t o t a l  a r e a  o f  t h e  b a s i n .  The a u th o r  t h e r e f o r e  
c h o o se s  t o  a d o p t a  fo rm u la  w h ich  in  e s s e n c e  d e s c r i b e s  th e  
i n v e r s e  o f  S t r a h l e r ' s  h y p s o m e tr ic  r e l a t i o n s h i p ,  nam ely
w h ere  h '  = d im e n s io n le s s  t i d a l  h e i g h t  and A j^ x , a r e
th e  e x tre m e  f r e e  s u r f a c e  a r e a s  p ro d u ce d  by  th e  t i d e  i n  a  
g iv e n  b a s i n .  The d im e n s io n le s s  h e i g h t ,  h 7, i s  f u r t h e r  
d e f in e d  a s
H ere  i t  i s  c o n s id e r e d  t h a t  hm ax, hmi n  a r e  th e  l i m i t i n g  
h e ig h t s  c o r r e s p o n d in g  to  th e  e x tre m e s  o f  f r e e  s u r f a c e  a re a  
t h a t  a r e  a s s o c i a t e d  w i th  a  p a r t i c u l a r  d r a in a g e  sy s te m . In  
th e  L i t t l e  F o o l C reek  sy s te m  and o th e r s  t h a t  th e  a u th o r  h a s  
o b s e rv e d , Amax o c c u rs  a t  an  hmax w h ich  p ro d u c e s  c o m p le te , o r  
n e a r l y  c o m p le te  f lo o d in g  o f  th e  m arsh . A t t h i s  p o i n t  t h e r e  
i s  g e n e r a l  c o n ta c t  w i th  th e  f r e e  s u r f a c e  a r e a s  o f  th e  
a d ja c e n t  d r a in a g e  sy s te m s  and l i t t l e  ex p o sed  la n d  re m a in s ,
z
h '  -  1 - AminAmax-Amin (ID
^  / _ h_hm in
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w i th  th e  e x c e p t io n  o f  a  few  s c a t t e r e d  l e v e e s  a lo n g  th e  
t r u n k  c h a n n e l  ( F ig u r e  1 4 ) .  A t th e  o t h e r  e x tre m e , Am-i-r, 
o c c u r s  a t  hmi n  b e lo w  w h ich  t h e r e  i s  l i t t l e  ch an g e  i n  a r e a .  
R e fe r e n c in g  h e i g h t s  t o  a  MLW d a tu m , h^ ^ w i l l  u s u a l l y  b e  a 
n e g a t iv e  v a lu e  c o r r e s p o n d in g  to  an  e x tre m e  low . In  
p r a c t i c e ,  th e  e x a c t  l e v e l  a t  w h ich  h^ ^ , a r e  fo u n d  i s
n o t  e s p e c i a l l y  c r i t i c a l  i n  te rm s o f  t h e  o v e r a l l  d i s t r i b u t i o n  
o f  a r e a ,  a l th o u g h  a  r e s t r i c t i o n  o f  E q u a tio n  ( H )  i s  t h a t  
Amin roust h e  g r e a t e r  th a n  z e r o .  F ig u r e  11 show s t h a t  a t  a  
l e v e l  o f  a b o u t 0 .2  m b e lo w  MLW, A ^ n  c o n v e rg e s  t o  th e  a r e a  
o f  s e v e r a l  p o o ls  o f  t r a p p e d  w a te r .
E q u a t io n  ( 1 1 ) ,  a s  w r i t t e n ,  i s  n o t  c o n v e n ie n t  f o r  
d e te r m in in g  a r e a  a s  a  f u n c t io n  o f  h e i g h t ,  a s  w i l l  b e  
r e q u i r e d  i n  t h i s  i n v e s t i g a t i o n .  D e f in in g  r  = AmjnM max 
th e  d im e n s io n le s s  a r e a  a s  A 7 = (A -  Am^n ) / ( A max-Am£n ) , a  
m ore s u i t a b l e  fo rm  i s
A ' = r  + ( G ( l - r )  •- G "  d - h ' ) 1 / z
F ig u r e  15 shows a  h y p s o g ra p h ic  c u rv e  b a s e d  on E q u a tio n  
(12) t h a t  was f i t t e d  t o  h e i g h t - a r e a  d a t a  o b ta in e d  f o r  L i t t l e  
F o o l C re ek  u s in g  p h o to g ra m m e tr ic  m ethods ( s e e  in s t ru m e n ta t io n  
and m ethods s e c t i o n ) . The p a ra m e te r s  u se d  a r e  l i s t e d  i n  
T a b le  7.
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F ig u r e  14 . B la c k  and w h i te  i n f r a r e d  p h o to g ra p h  o f  L i t t l e
F o o l C reek  p i c t u r e d  d u r in g  th e  maximum f lo o d in g  
s t a g e  (MLW +  1 .2 0  m o r  3 .9 4  f t ) .
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F ig u r e  15 . H y p so g rap h ic  c u rv e  b a se d  on a r e a - h e i g h t  d a ta  
o b ta in e d  f o r  L i t t l e  F o o l C re ek . D a ta  p o in t s  
f o r  th e  D u p lin  R iv e r ,  G e o rg ia , a r e  from  
R a g o tz k ie  and B ry so n  (1 9 5 5 ) .
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TABLE 7
LIST OF HYPSOMETRIC PARAMETERS FOR LITTLE FOOL CREEK 
W  = 8 0 ,2 0 0  m% = 1 ,3 1 0  ma
hmax = 1*20 m, ^m in  — “0 .2 0  m
z = 0 .5 0 ,  r  -  0 .0 1 6
As I t  h a p p e n s , few  d a t a  a r e  a v a i l a b l e  t o  t e s t  t h e  
v a l i d i t y  o f  th e  p r e s e n t  t e c h n iq u e  i n  o t h e r  s a l t  m a rsh  a r e a s ,  
w i th  th e  e x c e p t io n  o f  a  s tu d y  by  R a g o tz k ie  and  B ry so n  (1955) 
c o n d u c te d  f o r  th e  D u p lin  R iv e r  a t  S a p e lo  I s l a n d ,  G e o rg ia .  
U s in g  U .S .C . and G .S . c h a r t s  and m e a su r in g  s lo p e  a n g le s  o f  
t h e  r i v e r  b a n k , t h e s e  a u th o r s  w ere  a b le  t o  d e r i v e  a r e a -  
h e ig h t  d a t a  w h ich  a r e  shown i n  F ig u r e  12 o f  t h e i r  p a p e r .  
U s in g  th e  d a t a  c o n ta in e d  in  t h e i r  f i g u r e ,  t h e  a u th o r  
c a l c u l a t e d  d im e n s io n le s s  h e i g h t s  and  a r e a s  b y  t a k i n g  th e  
lo w e s t  h e ig h t  (MLW) and a r e a  ( 1 .7  x  10s m3) r e p o r t e d  a s  hm£n  
and AjjjjLn r e s p e c t i v e l y ,  and  e x t r a p o l a t i n g  th e  a r e a  from  
t h e i r  c u rv e  c o r r e s p o n d in g  t o  th e  h i g h e s t  t i d e  o b s e rv e d  by 
them , nam ely  1 .8 3  x  107m2 a t  3 .2  m, f o r  Ajjj^  and The
a u th o r s  s t a t e  (p .  309) t h a t  th e  m a rsh e s  a d ja c e n t  t o  th e  
D u p lin  w ere  c o m p le te ly  in u n d a te d  a t  th e  l a t t e r  h e i g h t .  
A lth o u g h  th e  D u p lin  R iv e r  d a t a  l a c k  p r e c i s i o n  ow ing t o  th e  
m ethods em ployed , t h e r e  i s  a  s u r p r i s i n g  a g re e m e n t i n  form  
( F ig .  13) w i th  th e  h y p s o g ra p h ic  c u rv e  d e r iv e d  f o r  L i t t l e  
F o o l C re ek , a  sy s te m  m ore th a n  two o r d e r s  o f  m a g n itu d e  
s m a l le r  i n  te rm s  o f  b o th  t i d a l  h e i g h t  and f r e e  s u r f a c e  a r e a .
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F u r t h e r  f i e l d  i n v e s t i g a t i o n  o f  t h i s  im p o r ta n t  r e l a t i o n s h i p  
i s  n e e d e d .
T id a l  P r ism s
A f t e r  c o n s t r u c t i n g  a  h y p s o g ra p h ic  c u rv e  su ch  a s  th e  one 
shown i n  F ig u r e  1 5 , i t  i s  a  s im p le  m a t t e r  t o  o b ta in  th e  
t o t a l  vo lum e o f  d i s c h a r g e ,  o r  t i d a l  p r is m , f o r  any  
c o m b in a tio n  o f  h ig h  and  low  w a te r  v a lu e s  t r a n s fo rm e d  i n t o  
d im e n s io n le s s  fo rm . R e c a l l in g  E q u a tio n  ( 1 0 ) ,  one s im p ly  
m e a su re s  th e  a r e a  u n d e rn e a th  th e  h y p s o g ra p h ic  c u rv e  b e tw een  
th e s e  v a l u e s .  To c o n v e r t  t o  t r u e  v o lu m e , th e  fo rm u la
Q “ (^max " ^min) (^max “ ^nin)Q ”** ^min^^max ” ^min) ^ h
i s  u s e d  w here  Q = t r u e  v o lu m e , Q7 = d im e n s io n le s s  v o lu m e ,
Ah' = d im e n s io n le s s  r a n g e ,  and  th e  o th e r  v a lu e s  a r e  a s  
p r e v i o u s ly  d e f i n e d .  Any " o v e rm a rsh "  v o lum es a r e  a c c o u n te d  
f o r  b y  c o n s id e r in g  th e  a r e a  t o  be  c o n s t a n t  (A ' = 1 .0  when 
h's* 1 . 0 ) .  Volume c h a n g e s  be lo w  th e  minimum s ta g e  can  
n o rm a l ly  b e  n e g le c t e d  (A 7 = 0 when h 7^ 0 ) .
A c o m p u te r p ro g ram  f o r  t h e  IBM 1130 i s  g iv e n  in  
A ppend ix  B w h ich  p e rfo rm s  th e  i n t e g r a t i o n s  n u m e r ic a l ly  f o r  
any  g iv e n  t i d a l  c y c le  b e g in n in g  w i th  low w a te r .
F ig u r e  15 i s  a l s o  h e l p f u l  in  v i s u a l i z i n g  th e  p ro c e s s  
by  w h ich  a p a r t i c u l a r  c o m b in a tio n  o f  t i d a l  f a c t o r s ,  su c h  as 
mean t i d e  l e v e l  and ra n g e  o f  t i d e  d u r in g  an i n d iv i d u a l  
c y c l e ,  c o r re s p o n d  to  a  p a r t i c u l a r  t i d a l  p r is m . F o r  ex am p le , 
a  s p r in g  t i d e  may p ro d u c e  l a r g e  f lo o d  and ebb  p r ism s  b e c a u se  
o f  a  l a r g e  r a n g e .  An e q u a l ly  l a r g e  s e t  o f  p r is m s  c o u ld
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r e s u l t  f o r  a  t i d e  h a v in g  much l e s s  ra n g e  b u t  a  h ig h e r  
a v e ra g e  t i d e  l e v e l  p e rh a p s  d ue  to  s e tu p  c a u se d  by  a  s to rm .
T h is  i s  th e  r e a s o n  why t i d a l  c re e k s  a r e  n o t  am enab le  to  
s t r e a m  g a u g in g  ( s t a g e  v s .  d i s c h a r g e )  te c h n iq u e s  a s  a p p l ie d  
t o  i n la n d  r i v e r s .  As p o in te d  o u t  by  M y rick  and L eopo ld  
(1 9 6 3 ) ,  i n  t h e i r  s tu d y  o f  a  s m a ll  t i d a l  e s t u a r y ,  a  g iv e n  
s t a g e  o f  t i d e  may b e  accom pan ied  by  an  u n l im i te d  num ber o f  
d i s c h a r g e s .  T h is  i s  so  b e c a u s e  p r is m s  w h ich  p r o v id e  th e  
d i s c h a r g e  a r e  d e te rm in e d  by v a r io u s  c o m b in a tio n s  o f  ra n g e  
and  s t a g e .
A c o m p a riso n  o f  th e  p r is m s  p r e d i c t e d  by th e  h y p s o m e tr ic  
m odel u s in g  E q u a tio n  (1 0 ) and a c t u a l  t i d e  d a t a  was made 
a g a i n s t  p r ism s  d e r iv e d  from  c u r r e n t  m easu rem en ts  a t  L i t t l e  
F o o l C re ek  f o r  th o s e  same t i d e s .  The r e a d e r  i s  r e f e r r e d  to  
th e  s e c t i o n  on in s t r u m e n ta t io n  and m ethods f o r  d e t a i l s  o f  
th e  m easu rem en t p r o c e d u re s .  The r e s u l t s  a r e  shown in  
T a b le  8 .
The g e n e r a l l y  good a g re e m e n t b e tw een  m easu red  and 
p r e d i c t e d  p r ism s  e v id e n c e d  in  th e s e  r e s u l t s  s u p p o r ts  th e  
p r i n c i p a l  a s su m p tio n s  i n h e r e n t  i n  th e  m odel:
1 . C o h e re n t m arsh  d r a in a g e  sy s te m  w i th  co n v ey an ce  
l a r g e l y  c o n f in e d  to  h i g h - o r d e r  c h a n n e ls .
2 .  H e ig h t - a r e a  r e l a t i o n s h i p  a c c o rd in g  to  a  m o d if ie d  
fo rm  o f  S t r a h l e r ' s  h y p s o m e tr ic  fo rm u la .
3 .  A p p ro x im a te ly  l e v e l  f r e e  s u r f a c e  o v e r  th e  
d r a in a g e  a r e a .
A d is c r e p a n c y  w h ich  d o es a p p e a r  i n  T a b le  8 i s  th e  
s l i g h t  ebb r e s i d u a l  i n  m easu red  p r ism s  beyond any p r e d i c te d
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A COMPARISON OF TIDAL PRISM VALUES (ma ) 
DERIVED BY THE HYPSOMETRIC MODEL 
AND BY FLOW MEASUREMENTS AT THE 
ENTRANCE TO LITTLE FOOL CREEK
Run
(5 /1 6 /7 2 )
P h ase
F lo o d
Ebb
R e s id u a l  
% o f  GA3
Model
4 6 ,2 2 4
4 6 .1 1 9
T  m  
0.2
M easured
4 4 ,6 6 1
4 5 ,9 7 9
-l'lTCff
2 .9
T id e 1 (m)
- .1 2  to  1 .5 2  
1 .5 2  to  - .0 6
(6 /3 0 /7 2 ) F lo o d
Ebb
R e s id u a l  
% o f  GA
2 6 ,4 6 8  
26 .595  
- 127 
0 .5
2 7 ,8 7 1
2 9 .9 8 2
-T^TTT
7 .3
3
(8 /1 /7 2 )
F lo o d
Ebb
R e s id u a l  
% o f  GA
38 ,9 6 5  
3 8 ,7 4 1  
+ 224 
0 .6
4 0 ,6 2 4
4 2 ,2 6 9
-1 ,645
4 .0
4
(8 /3 1 /7 2 )
F lo o d
Ebb
R e s id u a l  
7o o f  GA
1 9 ,1 4 0
1 9 ,3 4 0
2'ffO
1 .0
2 1 ,4 3 3
2 2 ,5 4 2
5 .0
5
(1 0 /1 6 /7 2 )
F lo o d
Ebb
R e s id u a l  
7, o f  GA
7 ,0 3 4  
7 .105  
1 71 
1 .0
7 ,1 8 4
7 .3 4 7
-163
2 .2
0 .1 5  t o  1 .2 8  
1 .2 8  to  0 .0 9
- .0 9  t o  1 .4 3  
1 .4 3  to  0 .0 3
0 .2 1  to  1 .1 9  
1 .1 9  to  0 .1 2
0 .1 7  t o  0 .9 7  
0 .9 7  to  0 .1 4
1T id a l  h e ig h t s  (m) a r e  r e f e r e n c e d  to  MLW as  d e te rm in e d  by
m ethod o f  s im u lta n e o u s  c o m p ariso n s  (M arm er, 1951; Boon and 
L ynch , 1 9 7 2 ). O th e r  c o n s ta n t s  in c lu d e  MN = 1 .2 2  m 
( 4 .0  f t ) ,  MTL -  0 .6 1  m ( 2 .0  f t ) .
3GA = g ro s s  a v e ra g e  o f  f lo o d  and ebb p r is m s .
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TABLE 8. COMPARISON OF TIDAL PRISMS (Cont'd.)
Run P h a se M odel M easured
6
(1 1 /1 2 /7 2 )
F lo o d
Ebb
R e s id u a l  
7o o f  GA
3 7 .6 1 3
3 7 .6 1 3.i. 0 
0
3 7 ,2 8 8
3 7 .6 7 9
- 3 9 1
1 .0
7
(1 1 /3 0 /7 2 )
F lo o d
Ebb
R e s id u a l  
% o f  GA
2 8 ,9 0 9
2 9 .6 0 8
■-■*698
2 .4
3 0 ,2 0 1
3 2 .2 3 2
-7^031
6 .5
8
(1 2 /1 1 /7 2 )
F lo o d
Ebb
R e s id u a l  
% o f  GA
2 2 ,5 7 5  
2 2 ,4 4 9  
' T 4! 25 
0 .6
2 4 ,5 3 0
2 4 ,0 4 8
■+4'8'2
2 .0
9
(1 2 /2 0 /7 2 )
F lo o d
Ebb
R e s id u a l
7o o f  GA
4 7 .8 8 9
4 7 .8 8 9  
■ ' 0
0
4 1 ,9 8 6
4 4 ,9 6 2
2f976
6 .8
10
( 1 /2 4 /7 3 )
F lo o d
Ebb
R e s id u a l  
7o o f  GA
6 ,5 6 9
6 ,6 9 5
- 1 2 6
1 .9
6 ,2 0 1
6 ,9 9 2
" 7 9 0
1 2 .0
11
(3 /1 9 /7 3 )
F lo o d
Ebb
R e s id u a l  
7o o f  GA
2 8 ,6 4 1
2 8 ,5 8 0
..*  60
0 .2
2 6 ,2 7 5
28 .4 0 5
■^TTO
7 .8
T id e  (m)
0 .4 4  t o  1 .4 3  
1 .4 3  t o  0 .4 4
0 .4 1  t o  1 .3 2  
1 .3 2  t o  0 .1 8
0 .1 0  t o  1 .2 3  
1 .2 3  t o  0 .1 6
- .4 7  to  1 .5 4  
1 .5 4  to  - .2 0
- .0 2  t o  0 .9 4  
0 .9 4  t o  - .1 0
- .3 5  to  1 .3 0  
1 .3 0  t o  - .1 3
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b y  th e  m odel i n  th e  c a s e  o f  u n e q u a l low  w a t e r s .  T h is  may b e  
r e a l  ( a  p o s s i b l e  v i o l a t i o n  in  p a r t  o f  a s su m p tio n  JL .), o r  due 
to  a  s y s te m a t i c  e r r o r  i n  t h e  d i s c h a r g e  m ea su re m e n ts .
H ow ever, t h e  p r e c i s i o n  e s t im a t e  f o r  d i s c h a r g e  m easu rem en ts 
( a b o u t  5%, s e e  m easu rem en t e r r o r  a n a l y s i s  s e c t i o n ,  p .  21) i s  
n o t  g r e a t l y  e x ce ed e d  b y  m o st o f  t h e s e  r e s i d u a l s ,  e x p re s s e d  
a s  a  p e rc e n ta g e  o f  t h e  a v e ra g e  f lo o d  and  ebb  d i s c h a r g e .
M o reo v er, th e  m odel i t s e l f  i s  s u b j e c t  t o  c e r t a i n  e r r o r s ,  
p r i m a r i l y  th o s e  in v o lv e d  w i th  th e  m easu rem en t o f  t i d e s  and 
a s su m p tio n  3^ .
In  a d d i t i o n  t o  t i d e  gauge  e r r o r s  and q u a n t i z a t io n  
e r r o r s  i n c u r r e d  w h ile  d i g i t i z i n g  a n a lo g  r e c o r d s ,  
p e r t u r b a t i o n s  do e x i s t  i n  t h e  r e a l  t i d e  c u rv e .  The a u th o r  
i n v e s t i g a t e d  th e  p o s s i b l e  e x t e n t  o f  t h e  e r r o r  from  th e s e  
s o u rc e s  by  c o n d u c tin g  a  s im u lta n e o u s  c o m p a riso n  o f  t i d e s  
f o r  two t i d e  s t a t i o n s  a  s h o r t  d i s t a n c e  a p a r t  i n  th e  a r e a ,  
W achapreague Dock and L i t t l e  F o o l C re e k . S u p p o sin g  t h a t  
e i t h e r  s t a t i o n  c o u ld  p r o v id e  t i d a l  h e i g h t s  f o r  th e  m odel in  
L i t t l e  F o o l C re e k , th e  d i f f e r e n c e s  fo u n d  i n  c o r r e s p o n d in g  
h ig h  and low  w a te r  h e ig h t s  f o r  b o th  s t a t i o n s  w ere  u se d  t o  
o b t a in  e r r o r  e s t im a te s  w h ich  w ere  fo u n d  t o  b e  a p p ro x im a te ly  
± 4 cm f o r  h ig h  t i d e s  and  ± 6 cm f o r  low  t i d e s  b a sed  on a  
c o m p a riso n  o f  89 t i d e s .  I n t r o d u c in g  v a r i o u s  c o m b in a tio n s  
o f  t h e s e  e r r o r s  i n t o  th e  m odel r e v e a l e d  l i t t l e  change f o r  
low  w a te r  v a r i a t i o n s  b u t  h ig h  w a te r  v a r i a t i o n s  p ro d u ced  
p r is m  e r r o r s  o f  a b o u t 7% f o r  t h e  l a r g e r  vo lum es 
(>  4 0 ,0 0 0  m3) .  The sam p le  o f  m easu rem en t ru n s  o b ta in e d
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a p p e a r  t o  f a l l  w e l l  w i th in  th e s e  l i m i t s  o f  th e  m odel w h ich  
seem  a p p r o p r i a t e  f o r  i n d i v i d u a l  r u n s .  The one e x c e p t io n  i s  
t h a t  o f  th e  f lo o d  p r is m  f o r  ru n  9 , th e  maximum p r is m  
p r e d i c t e d  (4 7 ,8 8 9  m3 ) and  th e  h i g h e s t  t i d e  re a c h e d  ( 1 .5 4  m ).
A t t h e s e  l e v e l s ,  t h e  co n v ey an ce  o n to  t h e  m arsh  may b y p a ss  
t h e  m ain  c r e e k  to  some e x t e n t ,  a c c o u n tin g  f o r  t h e  low 
m easu red  p r is m  (4 1 ,9 8 6  m3) .
F re q u e n c y  D i s t r i b u t i o n  o f  P r ism s
One o f  th e  a d v a n ta g e s  t o  h a v in g  a  n u m e r ic a l  m odel f o r  
t i d a l  p r is m s  i s  t h a t  o f  h i n d c a s t in g  p r is m  v a lu e s  f o r  th e  
o b se rv e d  t i d e s  and d e te rm in in g  t h e i r  f r e q u e n c y  o f  o c c u r re n c e  
a t  v a r io u s  m a g n itu d e  l e v e l s .  T h is  ty p e  o f  in fo r m a t io n  may 
h a v e  a p p l i c a b i l i t y  i n  any  c lo s e d  m arsh  d r a in a g e  sy s te m  
w h ich  can  b e  h y p s o m e t r i c a l ly  ty p e d  and f o r  w h ich  t i d e s  a r e  
a v a i l a b l e .  The r e s u l t a n t  d i s t r i b u t i o n s  may, f o r  ex am p le , 
b e  u se d  a s  an  in d e x  o f  t h e  f l u s h i n g  c h a r a c t e r i s t i c s  o f  th e  
m arsh  a t  v a r i o u s  t im e s  o f  th e  y e a r .  The in fo rm a t io n  i s  a l s o  
l i k e l y  t o  b e  im p o r ta n t  t o  g e o m o rp h o lo g is ts  who h av e  
t r a d i t i o n a l l y  u t i l i z e d  d i s c h a r g e - f r e q u e n c y  r e l a t i o n s h i p s  to  
e x p la in  r i v e r  c h a n n e l  c h a r a c t e r i s t i c s ,  p a r t i c u l a r l y  
h y d r a u l i c  g e o m e try  (L eo p o ld  and M addock, 1953; Wolman and 
M i l l e r ,  1960 ; L a n g b e in , 1 9 6 4 ) . In  te rm s  o f  t h e  e r o s io n  and 
t r a n s p o r t  o f  su sp e n d e d  s e d im e n t i n  t i d a l  c h a n n e ls ,  th e  
p r is m  i s  a l s o  a  m ea su re  o f  t h e  e n e rg y  a v a i l a b l e  t o  do w ork 
i n  a g iv e n  s e m id iu r n a l  i n t e r v a l  (L a n g b e in , 1963; in  M yrick  
and L e o p o ld , 1963) .
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A lth o u g h  th e  p r ism s  s im u la te d  by  th e  p r e s e n t  m odel h av e  
an  o b v io u s  d ep en d en ce  on t i d a l  ra n g e  and some c h a r a c t e r i s t i c  
s t a g e  (b e  i t  h ig h  w a te r ,  low  w a te r ,  o r  mean w a te r  l e v e l  f o r  
any  c y c l e ) , t h e r e  d o es n o t  a p p e a r  to  b e  any  f o r m u la t iv e  
m eans o f  r e l a t i n g  any c o m b in a tio n  o f  t i d a l  p a ra m e te r s  t o  
g iv e n  v a lu e s  o f  th e  p r is m , owing to  th e  n o n l i n e a r i t y  i n  th e  
h y p s o m e tr ic  fo rm u la . A g la n c e  a t  F ig u re  15 w ould i n d i c a t e ,  
h o w e v e r, t h a t  g iv e n  r e a s o n a b ly  s m a ll  v a r i a t i o n s  in  r a n g e ,  a  
p o s i t i v e  t r e n d  sh o u ld  e x i s t  t o  some d e g re e  b e tw een  p r is m  and 
h ig h  w a te r  s t a g e .  T h is  i s ,  i n  f a c t ,  t h e  c a s e  a s  can  be  se e n  
in  F ig u r e  16 w h ich  i s  a  p l o t  o f  s im u la te d  p r ism s  and t h e i r  
c o r r e s p o n d in g  h ig h  w a te r  s t a g e s  o b se rv e d  o v e r  a  fo u r-m o n th  
p e r i o d .
The q u e s t io n  th e n  c e n t e r s  on th e  t r e n d s  in  h ig h  w a te r  
s t a g e  o b se rv e d  d u r in g  th e  y e a r .  T hese  can  be  s e e n  in  
F ig u r e  17 w h ich  shows m o n th ly  mean h ig h  w a te r  l e v e l s  f o r  a  
t h r e e - y e a r  p e r io d  a t  W achapreague Dock.
As i n d i c a t e d  in  F ig u r e  1 7 , t h e r e  i s  an  a p p a re n t  a n n u a l 
c y c le  in  w h ich  th e  lo w e s t  mean h ig h  w a te r  l e v e l s  a r e  
commonly fo u n d  i n  J a n u a ry  and F e b ru a ry ,  and th e  h i g h e s t  i n  
S e p te m b e r , O c to b e r  and N ovem ber. T h is  ty p e  o f  c y c le  f o r  
m o n th ly  mean h ig h  w a te r  con fo rm s to  th e  w e l l  known c y c le  o f  
o s c i l l a t i o n  f o r  m o n th ly  mean s e a  l e v e l  i n  many p a r t s  o f  th e  
w o rld  t h a t  h a s  b een  shown to  c o r re s p o n d  to  m o n th ly  
v a r i a t i o n s  i n  s t e r i c  s e a  l e v e l  ( P a t t u l l o ,  e t  a l ,  1 9 5 5 ).
A t Hampton Roads in  C h esap eak e  B ay, 2 0 -y e a r  a v e ra g e s  o f  
m o n th ly  mean s e a  l e v e l  show n o t i c e a b l y  h ig h e r  v a lu e s  f o r
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F ig u re  16 . A p l o t  o f  t i d a l  p r is m s , s im u la te d  by th e  h e i g h t -  
a r e a  m o d el, v e r s u s  h ig h  w a te r  s t a g e .  A c tu a l  
t i d e s  from  W achapreague Dock w ere  u se d  f o r  th e  
m onths o f  J a n u a r y ,  F e b ru a ry , S ep tem b er and 
O c to b e r , 1972 . A c tu a l  p r ism s  m easu red  a t  L i t t l e  
F o o l C reek  a r e  in c lu d e d  f o r  c o m p a riso n .
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F ig u r e  17 . M on th ly  mean h ig h  w a te r  a t  W achapreague  D ock, 
Novem ber 1969 th ro u g h  O c to b e r , 1972 .
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t h e  p e r io d  A u g u st th ro u g h  O c to b e r  w h i le  t h e  lo w e s t  v a lu e s  
o c c u r  d u r in g  th e  p e r io d  Decem ber th ro u g h  M arch ( P a t t u l l o ,  
o p . c i t . ,  p .  1 2 9 ) .  T h is  s e a s o n a l  t r e n d  b e in g  e v id e n t  in  
F ig u r e  1 7 , i t  w ould  seem  f r u i t f u l  t o  u s e  some o f  t h i s  d a ta  
t o  t e s t  f o r  a  s e a s o n a l  e f f e c t  in  t i d a l  p r is m s  i n  t h e  s tu d y  
b a s i n .
U s in g  th e  h y p s o m e tr ic  m o d e l, p r is m s  w ere  c a l c u l a t e d  
f o r  e a c h  t i d e  o c c u r r in g  in  th e  m on ths o f  S e p te m b e r , O c to b e r , 
J a n u a ry  and F e b ru a ry ,  1 9 72 . The r e s u l t s  w e re  u se d  to  
com pute f r e q u e n c y  o f  o c c u r re n c e  o f  p r is m s  a r r a n g e d  in  
c l a s s e s  a t  i n t e r v a l s  o f  5000 m3 . T h ese  d a t a  a r e  shown in  
F ig u r e  1 8 a . As e x p e c te d ,  p r ism s  f o r  t h e  t e s t  c r e e k  have  
s i g n i f i c a n t l y  h i g h e r  mean and m edian  v a lu e s  d u r in g  S ep tem ber 
and O c to b e r  a s  com pared t o  J a n u a ry  and F e b r u a r y .  M oreover, 
t h e s e  e x tre m e  s e a s o n a l  d i f f e r e n c e s  a p p e a r  c o n s i s t e n t  a t  a l l  
b u t  th e  h i g h e s t  p r is m  l e v e l s ,  i n  a d d i t i o n  to  th o s e  o f  th e  
mean and m ed ian ; i . e . ,  a  1 0 ,0 0 0  m3 p r is m  i s  ex ce ed e d  more 
o f t e n  i n  S ep tem b er th a n  in  J a n u a ry ,  a s  i s  a  4 0 ,0 0 0  m3 
p r is m , e t c .  A r ra n g in g  th e  d a ta  on a  q u a r t e r l y  b a s i s  
( F ig u r e  18b), t h e  s e a s o n a l  t r e n d  w ould  seem  t o  c o n s i s t  o f  a 
se q u e n c e  o f  p r o g r e s s i v e l y  g r e a t e r  mean and m ed ian  p r is m s , 
b e g in n in g  w i th  t h e  Ja n u a ry -M a rc h  q u a r t e r  and  e n d in g  w ith  
th e  O c to b e r-D ecem b er q u a r t e r .  A lth o u g h  o n ly  one y e a r  o f  
d a t a  h a s  b e e n  p r e s e n te d ,  th e  f a i r l y  o b v io u s  c o n n e c t io n  w ith  
a  w e l l  e s t a b l i s h e d  t i d a l  phenom ena r e n d e r s  a  h ig h  d e g re e  o f  
c e r t a i n t y  t o  th e  c o n c lu s io n  t h a t  t h i s  t r e n d  w i l l  p e r s i s t  
y e a r  a f t e r  y e a r .  The f i e l d  r e s e a r c h e r  c o n d u c t in g  h y d r a u l i c
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F ig u r e  18 . D i s t r i b u t i o n  o f  s im u la te d  t i d a l  p r ism s  in
L i t t l e  F o o l C reek  show ing  a .  e x tre m e  m o n th ly  
d i s t r i b u t i o n s ,  b .  q u a r t e r l y  d i s t r i b u t i o n s .
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e x p e r im e n ts  o f  v a r i o u s  k in d s  i n  a  t i d a l  m arsh  d r a in a g e  
sy s te m  s h o u ld  t h e r e f o r e  k e ep  two p o i n t s  i n  m ind r e g a r d in g  
s e m id iu r n a l  d i s c h a r g e  v o lu m e s: (1 )  th e  r e l a t i o n s h i p  o f  th e  
e x p e r im e n ts  t o  t h e  s e a s o n a l  e f f e c t s  p ro d u ce d  by  th e  t i d e ,
(2 ) th e  v a r i a b i l i t y  i n h e r e n t  i n  s i n g l e  e x p e r im e n ts  c o n d u c te d  
o v e r  one t i d a l  c y c le  a s  com pared  to  t h e  s e a s o n a l  norm  in  
p r i s m s .
T im e-V ary in g  T id a l  D is c h a rg e
In  d e v e lo p in g  m odels t h a t  s im u la te  th e  t i d a l  p r is m  in  
a  d r a in a g e  sy s te m , one o b ta in s  a s  a  c o n se q u e n c e  th e  a v e ra g e  
d i s c h a r g e  r a t e  (m3 / s e c )  i f  t h e  d u r a t i o n  o f  f lo w  i s  known.
In  r e v e r s i n g  f lo w s  c h a r a c t e r i s t i c  o f  m o st s m a ll  t i d a l  
c r e e k s ,  th e  f lo o d  and ebb  d u r a t i o n s  c o r re s p o n d  f o r  a l l  
p r a c t i c a l  p u rp o s e s  t o  t h e  r i s e  and  f a l l  d u r a t i o n s ,  w hose 
a v e ra g e  v a lu e s  h a v e  a l r e a d y  b e e n  p r e s e n te d  f o r  th e  
W achapreague a r e a  (T a b le s  4 - 6 ) .  B u t on th e  b a s i s  o f  t h i s  
in f o r m a t io n  a lo n e ,  one c a n n o t  d e te rm in e  w hat th e  d i s c h a r g e  
c u rv e  lo o k s  l i k e  th ro u g h  t im e , n o r  w h a t th e  maximum r a t e s  
a r e  l i k e l y  t o  b e ,  o r  w here  th e  maxima w i l l  o c c u r  in  th e  
c y c l e .  I t  i s  s a f e  t o  s a y  t h a t  a  know ledge  o f  se d im e n t 
t r a n s p o r t  p r o c e s s e s  i n  t h e  sy s te m  o f  i n t e r e s t  w i l l  re m a in  
l i m i t e d  w i th o u t  some u n d e r s ta n d in g  o f  th e  te m p o ra l  a s p e c t s  
in v o lv e d .  More w i l l  b e  s a id  a b o u t t h i s  m a t t e r  i n  th e  
s e c t i o n  d e a l in g  w i th  su sp e n d e d  s e d im e n t t r a n s p o r t .
R e c a l l i n g  E q u a tio n  ( 9 ) ,  t h e  t im e -v a r y in g  d i s c h a r g e  was 
g iv e n  fro m  c o n t i n u i t y  c o n s i d e r a t i o n s  a s
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q - A a£ (9)
w h ere  A i s  now u n d e rs to o d  t o  b e  a  f u n c t io n  o f  t i d a l  h e ig h t  
a c c o rd in g  to  t h e  h y p s o m e tr ic  fo rm u la  [Eq. ( 7 ) ] .  T id a l  
h e i g h t ,  i n  t u r n ,  i s  g iv e n  by  th e  t i d a l  m odel [Eq. ( 4 ) ]  
w h ich  a l s o  g iv e s
H  'H oosin w t -  2 ^  /3 H2 o>sin (2  w t  -  0x )
-  3KaRj_ /3H3 w s in (3  Oit -  02)
N o te  t h a t  th e  a m p li tu d e  c o e f f i c i e n t s  o f  t h e  f i r s t  and second  
h a rm o n ic  te rm s  h a v e  d o u b le d  and t r i p l e d  r e s p e c t i v e l y  in  
r e l a t i o n  to  th e  fu n d a m e n ta l a m p li tu d e  in  E q u a tio n  (1 3 ) a s  a  
r e s u l t  o f  d i f f e r e n t i a t i o n .
U sin g  th e  m odels f o r  t i d e  and  a r e a ,  E q u a tio n  (9 ) i s
now a  s u i t a b l e  m odel i n  i t s e l f  f o r  s im u la t in g  d i s c h a r g e  as
a  f u n c t io n  o f  t im e  a t  t h e  e n t r a n c e  t o  th e  m arsh  d r a in a g e  
sy s te m . The t h r e e  a s su m p tio n s  made p r e v io u s ly  f o r  th e  p r ism  
m odel [Eq. ( 1 0 ) ]  w i l l  a l s o  a p p ly  h e r e .
E q u a tio n  (9 ) im m e d ia te ly  im p l ie s  t h a t  t h e  maximum 
d i s c h a r g e  o c c u r s  a t  th o s e  p o i n t s  i n  th e  t i d a l  c y c l e  f o r  
w h ich  th e  p r o d u c t  o f  f r e e  s u r f a c e  a r e a  and s lo p e  o f  t h e  t i d e  
c u rv e  i s  a t  a  maximum. The h y p s o m e tr ic  fo rm u la  [Eq. ( 1 2 ) ]  
p o r t r a y s  a  bounded  a r e a  w hose maximum i s  a t t a i n e d  a t  hmax = 
1 .2  m above  MLW in  th e  s tu d y  a r e a ,  b u t  w h ich  i n c r e a s e s  m ost 
r a p i d l y  w ith  h e i g h t  j u s t  b e f o r e  r e a c h in g  h ^ j^ .  The s lo p e  
te rm , o f  c o u r s e ,  i s  m o d if ie d  by  th e  h a rm o n ic  i n p u t  in
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E q u a tio n  (1 3 ) t o  a  g r e a t e r  o r  l e s s e r  e x te n t  d e p e n d in g  on 
th e  mean t i d a l  a m p li tu d e ,  H.
F ig u r e  19 c o n ta in s  t h r e e  exam ples o f  d i s c h a r g e  c u rv e s  
s im u la te d  b y  th e  m odel f o r  t h r e e  d i f f e r e n t  v a lu e s  o f  H ( th e  
mean w a te r  l e v e l ,  R0 , i s  c o n s t a n t ) .  The tim e  s c a l e  i s  f ix e d  
by  th e  c h o ic e  o f  o r i g i n  i n  E q u a tio n s  (8 ) and  (1 3 ) ;  h ig h  
w a te r s  o c c u r  a t  th e  z e ro  c r o s s in g s  i n d ic a t e d  in  m id - s c a le .
T h ese  exam ples a p p ro x im a te  w hat w ould b e  c la s s e d  a s  n e a p , 
m ean, and  s p r in g  t i d e  c o n d i t io n s  i n  L i t t l e  F o o l C re e k , 
ig n o r in g  th e  lo n g e r  p e r io d  t i d a l  f l u c t u a t i o n s  and d i u r n a l  
i n e q u a l i t i e s .  To se e  th e  e f f e c t  o f  th e  s h a l lo w -w a te r  t i d e s ,  
e a c h  c u rv e  b a se d  on a l l  t h r e e  te rm s  o f  E q u a tio n  ( 1 3 ) ,  shown 
a s  a  s o l i d  l i n e ,  i s  a l s o  com pared w ith  a  s i m i l a r  c u rv e  
com puted  w i th o u t  t h e  h i g h e r  h a rm o n ic s  and  shown a s  a  d a sh ed  
l i n e .  F ig u r e  19 r e v e a l s  t h a t  th e  s h a l lo w -w a te r  t i d e s  a r e  o f  
l i t t l e  im p o rta n c e  when th e  t i d a l  a m p litu d e  i s  sm a ll  
(H = 0 .4 5  m ), a s  a  c o n seq u en ce  o f  th e  o v e r t i d e  d ep en d en cy  on 
p a r e n t  wave a m p litu d e  (p .  3 6 ) .  H ow ever, f o r  th e  l a r g e r  
a m p li tu d e  (H = 0 .7 2  m ), th e  s h a l lo w -w a te r  c o n s t i t u e n t s  add 
a p p ro x im a te ly  207, t o  t h e  maximum d is c h a r g e  v a lu e s ,  in  
a d d i t i o n  to  s h i f t i n g  th e  t im e s  o f  o c c u r re n c e  f o r  t h e  l a t t e r .  
H en ce , th e  s h a l lo w -w a te r  c o n t r i b u t i o n  a p p e a rs  t o  be  
s i g n i f i c a n t ,  ev en  th o u g h  th e  m ost im p o r ta n t  f a c t o r  w ith  
r e s p e c t  t o  th e  p eak  asym m etry  i n  th e  h ig h e r  a m p litu d e  
c u rv e s  i s  th e  f a c t o r  o f  th e  d r a in a g e  b a s in  m orpho logy  w h ich  
f i x e s  th e  v a lu e  o f  A f o r  a  g iv e n  t i d e  l e v e l .
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F ig u r e  19 . S im u la te d  t i d a l  d i s c h a r g e  c u rv e s  f o r  t h r e e  
d i f f e r e n t  v a lu e s  o f  mean t i d a l  a m p l i tu d e ,  H, 
a t  L i t t l e  F o o l C re e k . S o l id  l i n e s  in c lu d e  
s h a l lo w -w a te r  h a rm o n ic  te rm s o f  E q u a tio n  ( 8 ) ,  
d a sh e d  l i n e s  in c lu d e  th e  fu n d a m e n ta l 
o s c i l l a t i o n  o n ly  (2R_ = H ; R _, R, = 0 ) .1  3  o
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In  sum, th e  g e n e r a l  p i c t u r e  t h a t  em erges from  th e  m odel 
i s  t h a t  o f  a  h ig h ly  d i s t o r t e d  d i s c h a r g e  c u rv e  w hose p e ak  
v a lu e s  show a  p ro n o u n ced  s h i f t  to w a rd  th e  z e ro  c r o s s in g  a t  
h ig h  w a te r .  The p e a k e d n e s s  o f  t h e  d i s c h a r g e  e x tre m a  
i n c r e a s e s  w i th  t i d a l  a m p li tu d e  a s  do  th e  s h a l lo w -w a te r  
t i d a l  c o n s t i t u e n t s  w h ich  c o n t r i b u t e  s i g n i f i c a n t l y  t o  th e  
maximum v a lu e s  o f  t h e  d i s c h a r g e  a t  th e  h i g h e r  t i d a l  
a m p l i tu d e s .  The c o n c lu s io n  w h ich  m ust be  r e a c h e d ,  h o w e v e r, 
i s  t h a t  th e  t h r e e  a s s u m p tio n s  made (p .  78) w i th  r e g a r d  t o  
t h e  m odel a r e  l i k e l y  t o  b e  much m ore c r i t i c a l  i n  te rm s  o f  
th e  a c t u a l  m a g n itu d e s  and  sh a p e  o f  t h e  r e a l  d i s c h a r g e  c u rv e .
F o r  e x am p le , l o c a l  f r e e  s u r f a c e  s lo p e s  c a u se d  by w ind s t r e s s  
and f r i c t i o n a l  e f f e c t s  may c a u s e  c h an g e s  i n  d h / d t  a t  v a r io u s  
t im e s  t h a t  e q u a l  o r  e x c e e d  th o s e  c o n t r i b u t e d  by  t h e  t i d e .
O b serv ed  T id a l  D is c h a rg e
The r e a d e r  i s  r e f e r r e d  to  A ppend ix  A f o r  th e  d e t a i l e d  
r e s u l t s  o f  t h e  m easu rem en t r u n s  made a t  L i t t l e  F o o l C re e k .
The m ethods em ployed t o  o b t a in  t h e s e  r e s u l t s  a r e  d i s c u s s e d  
i n  t h e  I n s t r u m e n ta t i o n  and  M ethods s e c t i o n .  The sh a p e  o f  
t h e  d i s c h a r g e  c u rv e s  i n  A ppend ix  A g e n e r a l l y  r e f l e c t  th e  
ty p e  o f  asym m etry  p r e d i c t e d  by  th e  d i s c h a r g e  m o d e l, w i th  
p e a k  d i s c h a r g e s  f o r  th e  h i g h e r  a m p li tu d e  r u n s  ( h ig h e r  t i d a l  
r a n g e )  o c c u r r in g  a t  a b o u t  1 .2  t o  1 .5  h o u rs  on e i t h e r  s id e  
o f  h ig h  w a te r  s l a c k .  F o r  c o n v e n ie n c e , t h e  maximum v a lu e s  
o f  t h e  o b se rv e d  d i s c h a r g e  p e a k s  a r e  l i s t e d  i n  T a b le  9 , a lo n g  
w i th  th e  p e r t i n e n t  t i d a l  h e i g h t  d a t a .
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DISCHARGE MAXIMA OBSERVED AT ENTRANCE TO 
LITTLE FOOL CREEK. TIDE DATUM IS  MLW
Run P h a se Max. (in3 / s e c ) T id e  (m)
1 F lo o d 5 .4 4 - .1 2  t o  1 .5 2
(5 /1 6 /7 2 ) Ebb 6.04(+11% ) 1 .5 2  to  - .0 6
2 F lo o d 3 .6 0 0 .1 5  to  1 .2 8
(6 /3 0 /7 2 ) Ebb 4.70(+31% ) 1 .2 8  to  0 .0 9
3 F lo o d 5 .0 0 - .0 9  to  1 .4 3
( 8 /1 /7 2 ) Ebb 5 .90(+18% ) 1 .4 3  to  0 .0 3
4 F lo o d 2 .8 5 0 .2 1  to  1 .1 9
( 8 /3 1 /7 2 ) Ebb 3.60(+26% ) 1 .1 9  to  0 .1 2
5 F lo o d 0 .6 6 0 .1 7  t o  0 .9 7
(1 0 /1 6 /7 2 ) Ebb 0.95(+44% ) 0 .9 7  to  0 .1 4
6 F lo o d 3 .8 0 0 .4 4  to  1 .4 3
(1 1 /1 2 /7 2 ) Ebb 4 .35(+ 15% ) 1 .4 3  to  0 .4 4
7 F lo o d 3 .6 5 0 .4 1  to  1 .3 2
(1 1 /3 0 /7 2 ) Ebb 4 .7 5  (+30%) 1 .3 2  to  0 .1 8
8 F lo o d 2 .8 4 0 .1 0  t o  1 .2 3
(1 2 /1 1 /7 2 ) Ebb 4 .4 6  (+5 7%) 1 .2 3  to  0 .1 6
9 F lo o d 5 .4 4 - .4 7  to  1 .5 4
(1 2 /2 0 /7 2 ) Ebb 6 .0 4  (+11%) 1 .5 4  to  - .2 0
10 F lo o d 0 .6 8 - .0 2  to  0 .9 4
(1 /2 4 /7 3 ) Ebb 0 .8 4  (+24%) 0 .9 4  to  - .1 0
11 F lo o d 3 .9 1 - .3 5  to  1 .3 0
(3 /1 9 /7 3 ) Ebb 5 .0 5  (+29%) 1 .3 0  t o  - .1 3
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One o f  th e  m ost i n t e r e s t i n g  f e a t u r e s  o b se rv e d  i n  t h i s
s tu d y  i s  t h a t ,  a s  shown in  T a b le  9 , a l l  o f  t h e  peak  ebb
d is c h a r g e  v a lu e s  ex ce ed  t h e i r  f lo o d  p eak  c o u n te r p a r t s  by
am ounts r a n g in g  from  11 t o  57%. T hese  d i f f e r e n c e s  a r e  much
i n  e x c e s s  o f  t h e  r e s i d u a l s  found  f o r  th e  f lo o d  and ebb
p r is m s  (T a b le  8) and m ust r e f l e c t  ch an g es i n  th e  d is c h a r g e
d i s t r i b u t i o n s  w i th in  e a c h  p h a s e . T h is  change  a p p e a rs  to
o c c u r  in  th e  fo rm  o f  g r e a t e r  " p e a k e d n e s s11 and a  n a rro w e r
ra n g e  f o r  t h e  h ig h e r  ebb d i s c h a r g e  v a lu e s .  T h is  phenom ena
was a l s o  o b se rv e d  by P e s t ro n g  (1 9 6 5 , p .  18) i n  a  San
F r a n c is c o  Bay m arsh  and  was a t t r i b u t e d  by h im  to  b e  due to
a  r e l a t i o n s h i p  b e tw een  c r o s s - s e c t i o n a l  a r e a  and f r i c t i o n a l
e f f e c t s  d u r in g  th e  e b b . On p .  20 h e  s t a t e s :
" T h is  r e l a t i o n s h i p  i s  a c c e n tu a te d  on th e  m a rsh e s , 
f o r ,  in  a d d i t i o n  to  an  i n c r e a s in g  tim e  l a g  on th e  
m arsh  s u r f a c e  due to  d e c r e a s in g  c r o s s - s e c t i o n a l  
a r e a  a v a i l a b l e  f o r  [e b b ]  f lo w , c o n s id e r a b le  
r e s i s t a n c e  i s  o f f e r e d  to  o v e rm arsh  f lo w  by th e  
m arsh  v e g e t a t i o n .  T h is  w ould f u r t h e r  in c r e a s e  
t h e  w a te r  s lo p e  and c a u se  even  g r e a t e r  f lo w  
v e l o c i t i e s  i n  th e  c h a n n e ls  d u r in g  th e  ebb c y c l e . "
A lth o u g h  P e s t ro n g  i s  s p e a k in g  o f  v e l o c i t y  in  th e  above
q u o te ,  h i s  i l l u s t r a t i o n  on p . 19 shows v e ry  s i m i l a r  c u rv e s
f o r  b o th  v e l o c i t y  and d i s c h a r g e .
In  th e  p r e s e n t  a u t h o r 's  o p in io n ,  su ch  an  e x p la n a t io n
o f  t h e  f r i c t i o n a l  e f f e c t  may b e  o v e r s i m p l i f i e d .  C e r ta in ly
f r i c t i o n a l  e f f e c t s  o p e r a te  in  b o th  th e  f lo o d  and th e  ebb
d i r e c t i o n s  th o u g h  p e rh a p s  n o t  to  th e  same d e g re e .  M oreover,
th e  o n s e t  o f  a  t y p i c a l  ebb c y c le  fo l lo w s  im m e d ia te ly  a f t e r
th e  h ig h  w a te r  s ta g e  and m ost o f  th e  s i g n i f i c a n t  f lo w  p a s s e s
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i n  a  s h o r t  t im e . T h is  b e h a v io r  d o e s  n o t  f i t  c o m fo r ta b ly  
w i th  s im p le  r e s i s t a n c e  w h ich  im p l ie s  a  l a g  o r  " h o ld in g  b a c k "  
o f  th e  ebb f lo w . I t  i s  m ore l i k e l y  t h a t  th e  p u r e ly  
k in e m a t ic  f lo w  f i e l d  o f  t h e  a u t h o r 's  m odel (w h ich  ta k e s  no  
a c c o u n t  o f  f o r c e s )  i s  augm ented  t o  a  c e r t a i n  e x t e n t  by l o c a l  
h y d r a u l i c  g r a d i e n t s  w h ich  h a v e  a  p a r t i c u l a r  c y c le  o f  t h e i r  
own. To s im u la te  th e s e  g r a d i e n t s  a d e q u a te ly  w ould r e q u i r e  
a  dynam ic m odel i n c lu d in g  f r i c t i o n  and i n e r t i a  te r m s .  T h is  
ty p e  o f  m odel w ould b e  d i f f i c u l t  t o  d e v e lo p  f o r  m a rsh e s  
b e c a u s e  o f  th e  n o n s te a d y  f lo w  c o n d i t i o n s  t h e r e  and  th e  
n o n l i n e a r i t y  o f  th e  f r i c t i o n  te rm s i n  th e  e q u a t io n s  o f  
m o tio n . C om paring T a b le  9 w i th  F ig u re  19 r e v e a l s  t h a t  th e  
k in e m a t ic  m odel d o e s  i n d i c a t e  maximum d is c h a r g e  v a lu e s  o f  
th e  r i g h t  o r d e r  o f  m a g n itu d e , w hich  c o u ld  b e  a d ju s te d  t o  
r e f l e c t  th e  o b se rv e d  i n e q u a l i t y  f o r  p r e d i c t i v e  p u rp o s e s .
Wind E f f e c t s
A c tu a l  m easu rem en ts  o f  t h e  d i s c h a r g e  th ro u g h  tim e  a r e  
l i k e l y  t o  b e  r e q u i r e d  w h e re v e r  c r i t i c a l  d e te r m in a t io n  o f  
t r a n s p o r t  phenom ena i s  th e  o b j e c t i v e ,  p a r t i c u l a r l y  i n  v ie w  
o f  w ind  s t r e s s  e f f e c t s  w h ich  a r e  v e ry  d i f f i c u l t  t o  m odel i n  
th e  w in d in g  m arsh  c h a n n e ls ,  w here  d i r e c t i o n  a s  w e l l  a s  w ind 
sp eed  w i l l  b e  im p o r ta n t .  T h u s , i t  i s  v e ry  h a rd  to  ju d g e  
th e  c o n t r i b u t i n g  e f f e c t s  o f  w inds d u r in g  some o f  t h e  
m easu rem en t ru n s  r e p o r t e d  in  t h i s  s tu d y  ( s e e  T a b le  9 , 
A ppend ix  A ) .
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Wind d a t a  w ere  c o m p iled  f o r  a  p e rm an en t g a u g in g  s t a t i o n  
a t  W achapreague Dock and sum m arized . In  a d d i t i o n  to  
r e p o r t i n g  th e  w inds p r e v a i l i n g  d u r in g  e a c h  r u n ,  shown on 
th e  t i t l e  p ag e  f o r  e a c h  ru n  in  A ppend ix  A, th e  d a i l y  v e c t o r  
a v e ra g e  w ind sp e e d  and d i r e c t i o n  was com puted and  i s  shown 
f o r  th e  m onths o f  A p r i l ,  1 9 7 2 , th ro u g h  M arch , 1973 , in  
F ig u r e  2 0 a . As a  m easu re  o f  t h e  t o t a l  w ind a c t i v i t y  d u r in g  
e a c h  d a y , t h e  d i r e c t i o n l e s s  o r  a b s o lu te  w ind v a lu e s  a r e  
shown in  F ig u r e  20b . B oth  f i g u r e s  show th e  p o s i t i o n s  o f  
th e  m easu rem en t ru n s  d u r in g  t h e i r  r e s p e c t i v e  m o n th s .
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F ig u re  20 . Wind d a t a ,  W achapreague  D ock: (a )  v e c t o r
a v e ra g e  w ind sp e e d  and  d i r e c t i o n ,  (b )  a b s o lu te  
w ind s p e e d .
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TRANSPORT OF SUSPENDED SOLIDS 
IN MARSH CREEKS
I n t r o d u c t io n
I n c r e a s in g  a t t e n t i o n  h a s  b e en  g iv e n  i n  r e c e n t  y e a r s  
to  th e  t r a n s p o r t  o f  b o th  p a r t i c u l a t e  and d i s s o lv e d  
s u b s ta n c e s  i n t o  and o u t  o f  m arsh es  v i a  t i d a l  f lo w . The 
b i o l o g i s t  v iew s th e  m arsh  a s  p r o d u c t iv e  o f  v a r io u s  o rg a n ic  
c o n s t i t u e n t s  and w ould  l i k e  t o  know th e  e x t e n t  t o  w h ich  
th e  m arsh es  r e t a i n  o r  e x p o r t  th e s e  s u b s ta n c e s ,  e i t h e r  a s  
p a r t i c u l a t e  o rg a n ic  m a t t e r  (POM) o r  d i s s o lv e d  o rg a n ic  
m a t t e r  (DOM) i n to  a d ja c e n t  b i o t i c  sy s te m s  (De La C ru z ,
1965; Pom eroy, e t  a l ,  1 9 7 2 ) . G e o lo g i s t s ,  on th e  o t h e r  
h a n d , s e e k  in f o r m a t io n  on th e  t r a n s p o r t  o f  su sp en d e d  
se d im e n ts  t o  and from  m a rs h e s . S in c e  th e  m arsh es  th e m se lv e s  
a r e  th e  r e s u l t  o f  l o c a l  s e d im e n ta ry  p r o c e s s e s ,  th e  t i d a l  
t r a n s p o r t  o f  su sp en d e d  m a t e r i a l  (b o th  o r g a n ic  and in o r g a n ic  
s o l i d s )  m u st p la y  a  r o l e  i n  t h e i r  c o n t in u in g  e v o lu t io n a r y  
h i s t o r y  (Chapman, 1960 ; R e d f ie ld ,  1965; P e s t r o n g ,  1965,
1970) .
The p r e s e n t  w ork w i l l  d e a l  o n ly  w ith  a  s p e c i f i c a l l y
d e f in e d  sy s te m , th e  m arsh  d r a in a g e  n e tw o rk  and th e  c o n f in e d
c h a n n e ls .  T h is  sy s te m  i s  c o n s id e r e d  a s  a  d i s t i n c t ,  c o h e re n t
u n i t  w hich  i s  n o rm a lly  e a s y  to  i d e n t i f y  and d i s t i n g u i s h  from
a d ja c e n t  sy s te m s su ch  a s  th e  l a r g e r  e s t u a r i e s  and t i d a l  mud
98
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f l a t s .  To d a t e ,  l i t t l e  h a s  b e en  done  to  i n v e s t i g a t e  in  
d e t a i l  th e  p r o c e s s e s  o f  se d im e n t t r a n s p o r t  i n t o  and o u t  o f  
s a l t  m a rsh es  and  to  e v a lu a te  th e  e f f e c t s  on p r e s e n t  day  
m arsh  g ro w th  o r  d e c a y .
The t r a n s p o r t  o f  b u lk  su sp en d e d  s o l i d s  w i l l  b e  d e a l t  
w i th  i n  t h i s  w o rk , d i f f e r e n t i a t i n g  o n ly  th e  c o m b u s tib le  and 
n o n c o m b u s tib le  f r a c t i o n s .  Q u e s t io n s  o f  s i z e  d i s t r i b u t i o n  
and th e  s t a t e  o f  a g g re g a t io n  o r  a g g lo m e ra t io n  o f  f i n e ­
g r a in e d  c o m p o s ite  p a r t i c l e s  w i l l  n o t  b e  a d d re s s e d ,  in c lu d in g  
th e  v e r y  s p e c i a l i z e d  q u e s t io n  o f  c la y  f l o c c u l e  s i z e  e q u i l i b ­
r i a  i n  f lo w s  o f  v a ry in g  f l u i d  s h e a r ,  s e d im e n t c o n c e n t r a t io n  
and s a l i n i t y .  A re v ie w  o f  th e s e  s u b j e c t s  h a s  b e e n  p r e s e n te d  
by  S w if t ,  e t  a L  (1 9 7 2 ) .
T r a n s p o r t  o f  S uspended  S o l id s
D u rin g  a num ber o f  th e  ru n s  p r e v io u s ly  d e s c r ib e d  f o r  
th e  s tu d y  s i t e ,  su sp en d e d  s o l i d s  w ere  c o l l e c t e d  in  num erous 
w a te r  sam p les o b ta in e d  s im u lta n e o u s ly  w ith  c u r r e n t  
m e a su re m e n ts . T h ese  d a ta  p e rm i t te d  th e  f l u x  o f  su sp en d ed  
s o l i d s  p a s t  th e  s t r e a m  c r o s s - s e c t i o n  to  be  d e te rm in e d  a t  
d i s c r e t e  i n t e r v a l s  o f  t im e . A f te r  g r a p h i c a l l y  p l o t t i n g  f l u x  
v e r s u s  t im e  and p a s s in g  a  sm ooth c u rv e  th ro u g h  th e  p o in t s  
(a n  a p p ro x im a tio n  to  th e  t r u e  c u rv e  o f  f l u x  th ro u g h  t i m e ) , 
th e  t o t a l  t r a n s p o r t  o f  s o l i d s  o v e r  e ac h  p o r t io n  o f  th e  t i d a l  
c y c le  was o b ta in e d  by  i n t e g r a t i n g  th e  r e s p e c t i v e  a r e a s  u n d e r  
th e  c u rv e ,  a s  shown i n  F ig u re  21 .
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F ig u r e  21 . F lu x  c u rv e  and t o t a l  su sp en d e d  s o l i d s  t r a n s p o r t  
( a r e a  u n d e r  c u r v e ) .
A lth o u g h  th e  p ro c e d u re  o u t l i n e d  above i s  se e m in g ly  
s t r a i g h t f o r w a r d ,  a  num ber o f  v e ry  b a s i c  q u e s t io n s  a r i s e  i n  
s e t t i n g  up  th e  sa m p lin g  d e s ig n  f o r  th e  m easu rem en ts  
in v o lv e d .  The q u e s t io n s  c e n t e r  on th e  s u f f i c i e n c y  o f  th e  
s p a t i a l  and  te m p o ra l  s a m p lin g  i n t e r v a l s  em p loyed . T h ese  
i n t e r v a l s  m u st b e  c h o se n  c a r e f u l l y  t o  a v o id  in t r o d u c in g  
l a r g e  e r r o r s  i n t o  t h e  t r a n s p o r t  e s t i m a t e s .  O b v io u s ly , i f  
one c a n n o t  a s c r i b e  an  a c c u ra c y  o f  a t  l e a s t  10% to  e i t h e r  
th e  f lo o d  o r  t h e  ebb  t r a n s p o r t ,  th e n  one h a s  no b a s i s  f o r  
i n f e r r i n g  a  r e s i d u a l  t r a n s p o r t ,  e v e n  a s  t o  i t s  d i r e c t i o n  
( i n t o  o r  o u t  o f  t h e  m a r s h ) ,  t h a t  d o e s  n o t  exceed  10%. The 
a u th o r  h a s  a d d re s s e d  th e s e  q u e s t io n s  i n  a  s p e c i a l  p r e s u rv e y  
c o n d u c te d  a t  t h e  s tu d y  c r e e k  w h ich  i s  p r e s e n te d  a lo n g  w ith  
a  d i s c u s s i o n  o f  p r o b a b le  p r o p a g a t io n  o f  e r r o r s  in  th e  
M easu rem en t E r r o r  A n a ly s is  s e c t i o n  o f  t h i s  p a p e r .  The f i n a l  
p ro c e d u re s  em ployed  f o r  b o th  l a b o r a to r y  and  f i e l d  w ork  a r e  
g iv e n  in  d e t a i l  i n  th e  I n s t r u m e n ta t io n  and M ethods s e c t i o n .
Of t h e  e le v e n  ru n s  made a t  t h e  e n t r a n c e  to  L i t t l e  F o o l 
C reek  ( L i t t l e  F o o l No. 1 ) ,  e i g h t  in c lu d e  m easu rem en ts  o f  
su sp en d e d  s e d im e n t t r a n s p o r t .  The p e r t i n e n t  d a ta  f o r  th e s e
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r u n s  may b e  fo u n d  in  A ppend ix  A, a lo n g  w i th  c o m p u te r -d e r iv e d  
c u rv e s  o f  th e  su sp en d e d  s o l i d s  f l u x .  The f lo o d  and  ebb 
t r a n s p o r t  v a lu e s  a r e  sum m arized  in  T a b le  10 f o r  c o n v e n ie n c e . 
In  T a b le  10 , i t  i s  n o te d  t h a t ,  u n l ik e  th e  m easu red  p r is m s , 
th e  t r a n s p o r t  v a lu e s  h a v e  r e s i d u a l s  w h ich  a r e  c l e a r l y  
s i g n i f i c a n t  i n  te rm s  o f  t h e  m easu rem en t e r r o r s  e x p e c te d  
(a b o u t  77o) . A c a u t io u s  i n t e r p r e t a t i o n  o f  th e s e  r e s u l t s ,  
a l lo w in g  f o r  th e  d i f f e r e n c e s  among t i d e s ,  i s  t h a t  th e  l a t e  
s p r in g  and summer m onths may w e l l  b e  t y p i f i e d  by  h ig h e r  
l e v e l s  o f  t r a n s p o r t  i n  a s s o c i a t i o n  w ith  s t r o n g  ebb  
r e s i d u a l s ,  w h e rea s  th e  f a l l  and w in t e r  m onths e v id e n c e  much 
lo w e r  l e v e l s  o f  t r a n s p o r t  and w eak e r f lo o d  r e s i d u a l s .  Run 
8S (3 /1 9 /7 3 )  a p p e a rs  to  r e f l e c t  an e a r l y  s p r in g  re n e w a l o f  
h ig h  t r a n s p o r t  l e v e l s  accom pan ied  b y  a  s t r o n g  f lo o d  r e s i d u a l .  
B e fo re  s p e c u la t i n g  f u r t h e r ,  i t  i s  w o r th w h ile  to  exam ine 
s e v e r a l  a s s o c i a t e d  r e l a t i o n s h i p s  t h a t  a f f e c t  t r a n s p o r t .
C u r r e n t  Speed - D is c h a rg e
The m ethods em ployed in  o b ta in in g  th e  d i s c h a r g e  c u rv e s  
a t  th e  e n t r a n c e  to  L i t t l e  F o o l C reek  p e rm it  t h e  c o m p u ta tio n  
o f  s p a t i a l  a v e ra g e s  f o r  c u r r e n t  sp e e d  th ro u g h  a re a - w e ig h t in g  
p ro c e d u re s  in  th e  c r o s s - s e c t i o n  (p .  2 1 ) .  As many a s  e i g h t  
c u r r e n t  sp e ed  m e a su re m e n ts , d e p e n d in g  on th e  t i d a l  s t a g e ,  
w ere  o b ta in e d  s im u l ta n e o u s ly  w i th in  th e  c r o s s - s e c t i o n  a t  
s y s te m a t ic  l o c a t i o n s ,  s e l e c t e d  in  a c c o rd a n c e  w i th  th e  
sa m p lin g  d e s ig n  o u t l i n e d  in  th e  I n s t r u m e n ta t io n  and M ethods 
s e c t i o n .  The e n t i r e  a r r a y  o f  c u r r e n t  m e te r s  w ere  o p e ra te d
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TABLE 10
TRANSPORT OF SUSPENDED SOLIDS OBSERVED AT THE 
ENTRANCE TO LITTLE FOOL CREEK 
TIDAL DATUM IS MLW
Run P h ase T r a n s p o r t  (kg) T id e  (m)
IS F lo o d 2119 - .1 2  t o  1 .5 2
( 5 /1 6 /7 2 ) Ebb 3574 1 .5 2  t o  - .0 6
R e s id u a l - 1455
% o f  GA1 5 1 .1
2S F lo o d 890 0 .1 5  t o  1 .2 8
( 6 /3 0 /7 2 ) Ebb 2174 1 .2 8  t o  0 .0 9
R e s id u a l - 1284
% o f  GA 8 3 .8
3S F lo o d 2065 - .0 9  t o  1 .4 3
( 8 /1 /7 2 ) Ebb 2821 1 .4 3  t o  0 .0 3
R e s id u a l - 756
% o f  GA 3 0 .9
4S F lo o d 793 0 .2 1  t o  1 .1 9
( 8 /3 1 /7 2 ) Ebb 1043 1 .1 9  t o  0 .1 2
R e s id u a l - 250
7o o f  GA 2 7 .3
5S F lo o d 276 0 .1 7  t o  0 .9 7
(1 0 /1 6 /7 2 ) Ebb 230 0 .9 7  t o  0 .1 4
R e s id u a l + 46
7> o f  GA 1 8 .1
6S F lo o d 723 0 .1 0  t o  1 .2 3
(1 2 /1 1 /7 2 ) Ebb 548 1 .2 3  t o  0 .1 6
R e s id u a l + 175
7o o f  GA 2 7 .5
7S F lo o d 101 - .0 2  t o  0 .9 4
(1 /2 4 /7 3 ) Ebb 62 0 .9 4  t o  - .1 0
R e s id u a l + 39
7o o f  GA 47
XGA = g ro s s a v e ra g e  o f  f lo o d [ and ebb t r a n s p o r t s i .
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TRANSPORT OF SUSPENDED SOLIDS (Cont'd.)
 P h ase  T r a n s p o r t  (kg )________ T id e  (m)
F lo o d  3054 - .3 5  t o  1 .3 0
Ebb 1617 1 .3 0  t o  - .1 3
R e s id u a l  +  1436
% o f  GA 6 1 .5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
104
a p p ro x im a te ly  once  e v e ry  h a l f - h o u r .
G ra p h ic  p l o t s  o f  a v e ra g e  c u r r e n t  sp e ed  v e r s u s  t im e  
(A ppend ix  A) show a  p ro n o u n ce d  s i m i l a r i t y  when com pared 
w i th  th o s e  f o r  t h e  d i s c h a r g e  e x c e p t  n e a r  th e  low  w a te r  t a i l s  
w h ere  d i s c h a r g e  v a lu e s  t a p e r  o f f  m ore r a p i d l y  due  to  m in im al 
c r o s s - s e c t i o n a l  a r e a  a v a i l a b l e  f o r  f lo w . As an  e x c e p t io n ,  
b o th  c u r r e n t  sp e ed  and d i s c h a r g e  te n d  to  b e  i r r e g u l a r  d u r in g  
n e a p  t i d e  c o n d i t io n s  when f lo w  r a t e s  a r e  m in im a l and  w ind 
e f f e c t s  o f t e n  d o m in a te  t h e  sy s te m  ( e . g . ,  Run 5 , 1 0 /1 6 /7 2  and 
Run 1 0 , 1 /2 4 /7 3 ) .
M yrick  and L eo p o ld  (1963) in  t h e i r  d e v e lo p m e n t o f  
h y d r a u l i c  g e o m e try  f o r  a  s m a ll  t i d a l  e s t u a r y  w ere  a b le  to  
d e m o n s tra te  a  pow er f u n c t io n  r e l a t i o n s h i p  b e tw een  c u r r e n t  
sp e ed  and d i s c h a r g e  a t  a  g iv e n  c r o s s - s e c t i o n .  The 
r e l a t i o n s h i p  i s  o f  t h e  fo rm
u  = kQm
w here  u  = s p e e d , Q = d i s c h a r g e ,  and  k ,  m a r e  c o n s t a n t s .
T h e i r  f i g u r e  13 (p .  B14) shows a  lo g a r i th m ic  p l o t  o f  u  
v e r s u s  Q f o r  f lo o d  p h a se  w h ich  som ewhat re s e m b le s  h a l f  o f  a  
h y s t e r e s i s  lo o p .  V ery  s i m i l a r  p l o t s  w ere  o b ta in e d  u s in g  th e  
d a ta  o f  th e  p r e s e n t  s tu d y ,  an  exam ple  o f  w h ich  i s  shown in  
F ig u re  2 2 a . G iven  t h i s  l o g - l i n e a r  r e l a t i o n s h i p ,  a t  l e a s t  
o v e r  p o r t io n s  o f  m o st t i d a l  c y c l e s ,  t h e  n e x t  s t e p  i s  to  
exam ine th e  p o s i t i o n  o f  th e  maxima f o r  u and Q f o r  a  num ber 
o f  d i f f e r e n t  t i d e s ,  a s  shown in  F ig u re  22b. The l a t t e r  
f i g u r e  s u g g e s ts  t h a t  th e  pow er law  g iv e n  above may in c lu d e
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F ig u r e  22
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C u r re n t  sp e ed  - d i s c h a r g e  r e l a t i o n s h i p  a t  
e n t r a n c e  t o  L i t t l e  F o o l C re ek : (a )  u  v e r s u s  
<b > “max v e r s u s  Q ^ .
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^ a x  k  Qmax
w here  k 7, m7 a r e  th e  new c o n s t a n t s  r e l a t i n g  to  t h e  m axim a. 
U sin g  l e a s t  s q u a re s  m e th o d s , t h e  f o l lo w in g  v a lu e s  w ere  
o b ta in e d  f o r  th e  d a t a  in  F ig u r e  22b:
F lo o d : m ' = 0 .8 7 5 , k 7 = 8 .2 8
Ebb: m ' = 0 .9 7 1 , k 7 = 8 .1 2
As a  m easu re  o f  th e  d e g re e  o f  a s s o c i a t i o n  ( i n t e r d e p e n ­
d e n c e )  o f  and  Qm ax, th e  c o r r e l a t i o n  c o e f f i c i e n t ,  r ,  was
com puted and found  to  b e  0 .9 9 5  f o r  b o th  f lo o d  and ebb
p h a s e s .  B ased  on th e  9 ru n s  u se d  (tw o n e a p  t i d e  ru n s  w ere  
e x c lu d e d ) , t h i s  v a lu e  i s  h ig h ly  s i g n i f i c a n t  in  s t a t i s t i c a l  
te rm s  and i t  i s  c o n c lu d e d  t h a t  th e  r e l a t i o n s h i p  e x p re s s e d  
by  E q u a tio n  (14 ) i s  w e l l - f o u n d e d ,  r e g a r d l e s s  o f  t h e  t i d a l  
p h a s e , f o r  th e  r a n g e s  in v o lv e d  (u^ y  -  2 0 -5 0  c m /se c ;
Qmax ^  2 .5  -  7 .0  m3 / s e c ) .  W ith o u t f u r t h e r  t e s t i n g ,  i t  a l s o  
seem s a p p a r e n t  t h a t  th e  s lo p e  v a lu e ,  m7, f o r  f lo o d  and ebb 
i s  d i s t i n c t  in  e a c h  c a s e  a l th o u g h  t h i s  i s  p ro b a b ly  n o t  t r u e  
f o r  th e  i n t e r c e p t ,  k 7. S in c e  b o th  1% ^  and Qmax n o rm a lly  
i n c r e a s e  w ith  i n c r e a s in g  t i d a l  p r i s m s ,  t h e  o b se rv e d  
d iv e rg e n c e  o f  th e  l i n e s  o f  b e s t  f i t  i n  F ig u r e  22b may w e l l  
b e  a  m easu re  o f  t h e  dynam ic e f f e c t  d is c u s s e d  in  th e  s e c t i o n  
on t im e -v a ry in g  t i d a l  d i s c h a r g e .
The m ost s i g n i f i c a n t  f a c t  r e v e a le d  by  th e  r e l a t i o n s h i p  
shown in  F ig u re  22b i s  t h a t ,  f o r  any  g iv e n  Qmax» t h e r e  w i l l  
be  a  som ewhat g r e a t e r  Umax ^ o r  t i^e  th a n  f o r  th e  f lo o d
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p h a s e ,  th e  m a g n itu d e  o f  th e  d i f f e r e n c e  d e p e n d in g  on th e  
m a g n itu d e  o f  Qm ax* T h is  im p l ie s  t h a t  t h e  maximum c u r r e n t s  
a t t a i n e d  d u r in g  ebb f lo w  w i l l  b e  m ore e f f e c t i v e  i n  
i n i t i a t i n g  s c o u r  and s u s p e n s io n  o f  b o tto m  s e d im e n ts .
E q u a tio n  (1 4 ) a l s o  s u g g e s ts  t h e  f e a s i b i l i t y  o f  p r e d i c t i n g  
maximum c u r r e n t s  a t  B r id g e  1 , u s in g  e i t h e r  o b se rv e d  maximum 
d i s c h a r g e  v a lu e s  o r  v a lu e s  d e te rm in e d  by  a  m odel su ch  a s  
t h a t  o f  E q u a tio n  ( 9 ) .
C u r r e n t  Speed -  S uspended  S o l id s  C o n c e n tr a t io n
A v erag e  c o n c e n t r a t i o n  o f  su sp en d e d  s o l i d s  was 
d e te rm in e d  a t  d i s c r e t e  t im e s  i n  e s s e n t i a l l y  th e  same m anner 
a s  t h e  c u r r e n t  s p e e d s ,  u s in g  up  to  tw e lv e  w a te r  s a m p le rs  
( I n s t r u m e n ta t io n  and M ethods s e c t i o n )  o p e ra te d  
s im u l ta n e o u s ly  w i th  th e  c u r r e n t  m e te r s .  C urves o f  
c o n c e n t r a t io n  v e r s u s  t im e  a r e  s e e n  on th e  same g ra p h s  
p r e s e n te d  f o r  a v e ra g e  c u r r e n t  sp eed  (A ppend ix  A) to  
f a c i l i t a t e  c o m p a riso n .
R e s t r i c t i n g  a t t e n t i o n  f o r  th e  moment t o  th e  ru n s  
c o n ta in in g  s i g n i f i c a n t  v a r i a t i o n  in  c o n c e n t r a t i o n ,  i t  i s  
e v id e n t  t h a t  many o f  t h e s e  ru n s  show s t r o n g  c o r r e l a t i v e  
p e ak s  i n  b o th  c o n c e n t r a t i o n  and sp eed  n e a r  th e  t im e s  o f  
maximum d i s c h a r g e  on e i t h e r  s i d e  o f  h ig h  w a te r  s l a c k .
T h ere  a r e  a s  w e l l  s e v e r a l  exam p les o f  l e s s e r  p e ak s  in  
c o n c e n t r a t i o n  n e a r  th e  low w a te r  s t a g e s  b u t  t h e s e  a r e  o f  
l im i t e d  s i g n i f i c a n c e  w here  t r a n s p o r t  i s  c o n c e rn e d  b e c a u se  
o f  th e  m in im al c u r r e n t  sp e e d s  and d im in u t iv e  f lo w  s e c t i o n s
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e x t a n t  n e a r  low  t i d e .  T h u s , t h e r e  i s  e v id e n c e  i n  many o f  
th e  " h ig h  e n e rg y "  ru n s  ( t h o s e  w i th  l a r g e  p r is m s )  t h a t  t h e  
maximum f lo w  sp e e d s  a r e  m ore th a n  s u f f i c i e n t  t o  p la c e  
b o tto m  s e d im e n t i n  s u s p e n s io n ,  e f f e c t i n g  s h a rp  p e a k s  i n  th e  
f l u x  c u rv e s  on e i t h e r  s i d e  o f  t h e  h ig h  w a te r  s t a g e  ( e . g . ,
Run 1 , 5 /1 6 /7 2 ) .
E r o d i b i l i t y  o f  F in e ,  C o h e s iv e  B o ttom  S e d im e n ts
S e d im e n ts  on th e  m a rs h e s ,  and  on th e  b o tto m s  and s i d e  
w a l l s  o f  m arsh  c r e e k s  a r e  t y p i c a l l y  com posed o f  f i n e - g r a i n e d  
s i l t s  and  c l a y s ,  h a v in g  a  c e r t a i n  o r g a n ic  c o n t e n t ,  w h ic h , in  
b u lk ,  may b e  g e n e r a l l y  d e s c r ib e d  a s  c o h e s iv e  s o i l .  U n lik e  
c o h e s io n le s s  s e d im e n ts  ( s a n d s  and  g r a v e l s ) , th e  e r o s i o n a l  
p r o p e r t i e s  o f  c o h e s iv e  s e d im e n ts  a r e  d e te rm in e d  by  
i n t e r p a r t i c l e  a t t r a c t i v e  f o r c e s  a s  w e l l  a s  th e  h yd rodynam ic  
f o r c e s  o f  t h e  s u r ro u n d in g  f l u i d .  T h u s, many o f  th e  c o n c e p ts  
a p p l ie d  i n  s t u d i e s  o f  c o h e s io n le s s  se d im e n t m o tio n  in  
f l u i d s ,  b o th  a s  b e d lo a d  and  a s  su sp en d e d  lo a d ,  a r e  n o t  
a p p l i c a b l e  h e r e .
As m e n tio n e d  p r e v io u s ly  i n  th e  re v ie w  o f  t h e  l i t e r a t u r e ^  
e r o s io n  o f  c o h e s iv e  s e d im e n ts  b e g in s  t o  t a k e  p la c e  a s  f lo w  
r a t e s  i n c r e a s e  t o  th e  p o i n t  w h ere  th e  c r i t i c a l  s h e a r  s t r e s s  
a p p l ie d  a t  t h e  s e d im e n t-w a te r  i n t e r f a c e  i s  s u f f i c i e n t  to  
b r e a k  i n t e r p a r t i c l e  b o n d s  and r e l e a s e  t h e  m a t e r i a l  d i r e c t l y  
i n t o  s u s p e n s io n  ( P a r t h e n i a d e s ,  1 9 6 5 ) . T h is  v ie w  o f  th e  
e r o s iv e  p r o c e s s  and th e  c o n s e q u e n t  t r a n s p o r t  o f  m a t e r i a l  i n  
s u s p e n s io n  d o e s  n o t  in v o lv e  any  t r a n s p o r t  o f  m a t e r i a l  a s
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b e d lo a d .3 M o re o v e r, th e  minimum s h e a r  s t r e s s e s  r e q u i r e d  to  
i n i t i a t e  e r o s io n  i n  P a r t h e n i a d e s ' f lu m e  e x p e r im e n ts  w ere  
fo u n d  to  b e  in d e p e n d e n t  o f  t h e  s h e a r  s t r e n g t h  o f  t h e  bed  and 
w ere  acco m p an ied  by  mean v e l o c i t i e s  s l i g h t l y  g r e a t e r  th a n  
th o s e  w h ich  w ould m a in ta in  th e  c l a y - s i z e d  m a t e r i a l  i n  
s u s p e n s io n .
D u rin g  th e  c o u rs e  o f  th e  p r e s e n t  e x p e r im e n ts ,  a  s p e c i a l  
s e t  o f  c u r r e n t  p r o f i l e  m easu rem en ts  w ere  made d u r in g  an 
a v e ra g e  t i d e  a t  th e  m id - s e c t io n s  o f  th e  t h r e e  b r id g e s  
l o c a te d  on L i t t l e  F o o l C reek  (show n i n  F ig u r e  1 1 ) .  The 
o b j e c t  o f  t h i s  e x e r c i s e  was t o  d e te rm in e  th e  a p p ro x im a te  
b o tto m  s h e a r  s t r e s s  v a l u e s ,  r 0 , t h a t  a r e  r e a l i z e d  a t  
v a r i o u s  l o c a t i o n s  b e tw een  m outh and h e ad  o f  t h e  c r e e k ,  
u s in g  th e  lo g a r i th m ic  d i s t r i b u t i o n  law  f o r  v e r t i c a l  
v e l o c i t i e s
12. = ky 
p 3y
i n  w h ich  p = w a te r  d e n s i t y ,  y  = d i s t a n c e  above b o tto m , 
u  = mean f lo w  sp e ed  a t  y ,  and k  = von K a rm a n 's  c o n s ta n t ,  
I n t e g r a t i n g  th e  e q u a t io n  y i e l d s
3W h eth er one  w a n ts  t o  a rg u e  t h a t  a  b e d lo a d  com posed o f  
a g g l u t i n i z e d  p a r t i c l e s  ( f e c a l  p e l l e t s )  and l a r g e  p ie c e s  
o f  o rg a n ic  f lo ts a m  e x i s t s  i s  a  m oot p o i n t .  Amid t o t a l  
su sp en d e d  lo a d s  m easu red  in  m e t r ic  t o n s ,  th e  s i g n i f i ­
c a n c e  o f  th e  l a t t e r  in  te rm s  o f  m ass t r a n s p o r t  i s  
d o u b t f u l .
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I n  (y  +  y 0) = = = p -  u  +  ln y 0
v'TO /  P
w h ere  y 0 = th e  ro u g h n e s s  l e n g th  ( p o i n t  a t  w h ich  u  = 0 , a  
f u n c t io n  o f  th e  h e i g h t  o f  th e  ro u g h n e s s  e le m e n ts  on th e  
b o t to m ) .  T h u s , t h e  s lo p e  o f  th e  c u rv e  l n ( y  +  y 0) v e r s u s  u  
n e a r  th e  b o tto m  c a n  b e  u se d  to  o b ta in  e s t im a te s  o f  r 0 i f  k  
and p a r e  known. S e v e ra l  su ch  p r o f i l e s  f o r  th e  t h r e e  
b r id g e s  d u r in g  an ebb f lo w  a r e  shown in  F ig u r e  23 . The 
maximum s h e a r  s t r e s s  v a lu e s  f o r  th e s e  ru n s  w ere  e s t im a te d  
u s in g  k  = 0 .4  and p = 1 .0 4  and a r e  g iv e n  a lo n g  w i th  o th e r  
p e r t i n e n t  d a ta  i n  T a b le  11 .
TABLE 11
MAXIMUM SHEAR STRESS VALUES, T0 ,
OBSERVED DURING EBB TIDE, FEB. 21 , 1973 ,
LITTLE FOOL CREEK 
TIDAL RANGE: 1 .2  to  0 .0  m above MLW.
B rid g e _______ t0 (d y n e s /c m s )_______ u  (c m /se c )  D ep th  (cm)
1 9 .4 6  2 8 .0  132
2 1 .8 4  1 8 .8  151
3 2 1 .3 6  3 0 .4  110
The i n f e r e n c e  draw n from  th e  r e s u l t s  i n  T a b le  11 i s  
t h a t  t h e  s h a l lo w e r  th e  d e p th ,  th e  g r e a t e r  th e  b o tto m  s h e a r  
s t r e s s  and  se d im e n t t r a n s p o r t  c a p a c i ty .  T h is  r e l a t i o n s h i p  
was a l s o  m e n tio n e d  by  P a r th e n ia d e s  and P a a s w e ll  (1 9 7 0 , 
p .  7 5 7 ) . As a  co m p a riso n  t o  th e  m a g n itu d e s  o f  to i n  T a b le
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F ig u re  23 . V e r t i c a l  v e l o c i t y  p r o f i l e s  m easu red  F e b . 21 , 
1973 , d u r in g  f lo o d  p h a se  a t  ( a )  B r id g e  1 ,
(b )  B r id g e  2 , (c )  B r id g e  3 . B r id g e  1 i s  
c l o s e s t  t o  th e  e n t r a n c e  o f  L i t t l e  F o o l C reek  
B rid g e  3 i s  c l o s e s t  t o  t h e  h ead  o f  th e  c re e k
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1 1 , P a r th e n ia d e s  (1965) r e p o r t s  a  s i m i l a r  r a n g e  o f  v a lu e s  
f o r  f lu m e  e x p e r im e n ts  i n  w hich  t0 = 1 .1 0  d y n e s /c m 2 was ta k e n  
t o  b e  t h e  c r i t i c a l  s h e a r  s t r e s s  r e q u i r e d  to  i n i t i a t e  
s c o u r in g  ( t h e  m a t e r i a l  u se d  was San F r a n c i s c o  Bay mud in  
o c e a n  w a t e r ) .  A ssum ing th e  co m p a riso n  to  b e  v a l i d ,  one 
m ig h t t e n t a t i v e l y  c o n c lu d e  t h a t  e r o s io n  and s u s p e n s io n  o f  
b o tto m  m a t e r i a l  c o u ld  o c c u r  a t  some p o i n t  i n  t im e  a lo n g  m ost 
p o r t i o n s  o f  t h e  s tu d y  c re e k  d u r in g  a v e ra g e  t i d a l  f lo w s , 
p a r t i c u l a r l y  n e a r  th e  h e ad  o f  th e  m ain  c h a n n e l .  T h e re  i s  a t  
l e a s t  one o t h e r  f a c t o r  w h ich  can  e a s i l y  m o d ify  t h i s  
c o n c lu s io n  u n d e r  c e r t a i n  c o n d i t i o n s ,  h o w ev er.
C o n c e n t r a t io n  -  W ate r T e m p e ra tu re
G r i s s i n g e r  (1966 ) in  a  l a b o r a to r y  s tu d y  o f  th e  
e r o d i b i l i t y  o f  c o h e s iv e  s o i l s  n o te d  t h a t  w a te r  te m p e ra tu re  
i s  a  h i g h ly  im p o r ta n t  f a c t o r .  Among h i s  f i n d in g s  was t h a t  
e r o s io n  r a t e s  w ere  a lm o s t  h a lv e d  when w a te r  te m p e ra tu re  was 
d e c r e a s e d  fro m  20°C t o  5°C . G r i s s in g e r  a p p a r e n t ly  l i n k s  
t h i s  e f f e c t  t o  a  ch an g e  in  th e  r e s i s t a n c e  o f  th e  s o i l  to  
e r o s io n  a t  v a r i o u s  te m p e r a tu re s  s in c e  h e  r e p o r t s  no  change 
i n  f lo w  c h a r a c t e r i s t i c s  i n  h i s  flu m e d u r in g  th o s e  r u n s .  
P a r th e n ia d e s  (1 9 6 5 , p .  1 2 9 ) , c i t i n g  w ork by  E i n s t e i n  and 
H uon-L i (1 9 5 8 ) , p o s t u l a t e s  t h a t  s u s p e n s io n  o f  se d im e n t i n  
t u r b u l e n t  f lo w s  i s  d e p e n d e n t upon a  p e r i o d i c a l l y  fo rm in g  
and  d i s i n t e g r a t i n g  t h i n  la m in a r  s u b la y e r  a t  th e  b o tto m , th e  
i n f e r e n c e  b e in g  t h a t  v e r t i c a l  ex ch an g e  o f  w a te r  and se d im e n t 
c a n n o t  o c c u r  th ro u g h  t h i s  l a y e r  b u t  o c c u rs  i n s t e a d  when th e  
s u b la y e r  b r e a k s  down and  tu r b u le n c e  e x te n d s  a l l  th e  way to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
th e  b o tto m . I f  one a c c e p ts  t h i s  h y p o th e s i s ,  i t  i s  e q u a l ly  
r e a s o n a b le  t o  assum e t h a t  th e  e f f e c t  o f  c h a n g in g  v i s c o s i t y  
w i l l  h a v e  much to  do  w i th  th e  th ic k n e s s  and r e l a t i v e  
pe rm anence  o f  th e  la m in a r  s u b l a y e r .4 S in c e  th e  k in e m a tic  
v i s c o s i t y  o f  n o rm a l s e a w a te r  i n c r e a s e s  n e a r l y  50% w ith  a 
t e m p e r a tu re  ch an g e  from  20° to  5°C , t h e r e  i s  r e a s o n  to  
su p p o se  t h a t  te m p e ra tu re  p la y s  an  im p o r ta n t  p a r t  in  th e  
e r o s i o n  and s u s p e n s io n  o f  c o h e s iv e  s e d im e n ts .  V a ry in g  
s a l i n i t i e s  a l s o  e f f e c t  c h an g es  i n  v i s c o s i t y ,  b u t  t o  a  much 
l e s s e r  e x t e n t .  The e f f e c t  o f  s a l i n i t y  in  c h a n g in g  th e  
e r o d i b i l i t y  o f  f i n e  muds was m e n tio n e d  by  M ig n io t  (1 9 7 1 ) .
L o o k in g  a t  th e  s e a s o n a l  v a r i a t i o n  i n  o v e r a l l  
c o n c e n t r a t i o n  l e v e l s  shown in  A ppend ix  A, th e  im p o r ta n c e  o f  
t e m p e r a tu r e  v a r i a t i o n  i s  u n m is ta k a b le  (mean w a te r  
t e m p e r a tu r e  i s  shown on th e  t i t l e  p ag e  o f  e a c h  r u n ) .
F ig u r e  24 shows th e  v a r i a t i o n  in  te m p e ra tu re  th ro u g h  tim e  
d u r in g  a  num ber o f  th e  ru n s  and r e v e a l s  n o t  o n ly  a  s e a s o n a l  
d i f f e r e n c e  b u t  a  d i f f e r e n c e  o v e r  th e  t i d a l  c y c le  w h ich  i s  
c l e a r l y  r e l a t e d  to  h e a t  t r a n s f e r  p r o c e s s e s  i n  th e  u p p e r  
r e a c h e s  o f  t h e  m arsh . The a u th o r  h a s  o b se rv e d  no  
te m p e r a tu re  s t r a t i f i c a t i o n  a t  B r id g e  1 , i n d i c a t i n g  t h a t  
m ix in g  i s  p ro b a b ly  c o m p le te  w i th in  th e  f lo w  a t  t h i s  s t a t i o n .  
Of p a r t i c u l a r  i n t e r e s t  i s  th e  te m p e ra tu re  p r o f i l e  f o r
4The th ic k n e s s  o f  an u n s e p a r a te d  la m in a r  b o u n d a ry  l a y e r  i s  
p r o p o r t i o n a l  t o  -Tv*”, v = k in e m a tic  v i s c o s i t y  
( s e e  S c h l i c h t i n g ,  1960 , p . 2 5 ) .
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F ig u r e  24
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W ater te m p e ra tu re  v a r i a t i o n s  d u r in g  s e l e c t e d  
r im s  a t  e n t r a n c e  to  L i t t l e  F o o l C re ek .
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Run 1 1 , 3 /1 9 /7 3 ,  w h ich  i n d i c a t e s  a  h e a t  l o s s  d u r in g  m arsh  
f l o o d i n g .
A d v e c tiv e  -  D i s p e r s iv e  P r o c e s s e s
Thus f a r ,  th e  p r o c e s s  o f  se d im e n t t r a n s p o r t  h a s  b e e n  
t r e a t e d  a s  a  l o c a l  phenom ena; i . e . ,  o n ly  t h e  o b se rv e d  
d i s t r i b u t i o n s  o f  u  and c in  a  g iv e n  c h a n n e l  c r o s s - s e c t i o n  
th ro u g h  t im e  h a v e  r e c e iv e d  a t t e n t i o n .  A lth o u g h  th e s e  
d i s t r i b u t i o n s  a r e  s u f f i c i e n t  i n s o f a r  a s  f l u x  m easu rem en ts  
a r e  c o n c e rn e d , one c a n n o t  w eigh  th e  im p o r ta n c e  o f  th e  
v a r io u s  p r o c e s s e s  c o n t r i b u t i n g  to  th e  t r a n s p o r t  th ro u g h  
l o c a l  c o n c e n t r a t i o n  ch an g e  u n le s s  an  a d d i t i o n a l  d im e n s io n , 
l o n g i t u d i n a l  d i r e c t i o n ,  i s  c o n s id e r e d .  T h is  may be  done 
u s in g  a  o n e -d im e n s io n a l  m ass b a la n c e  e q u a t io n
SC _ 1 ^ / n u ^Cs XT i / 1 r  \
T t  -  X  ' uU  + s (15)
i n  w hich
C = c r o s s - s e c t i o n a l  a v e ra g e  c o n c e n t r a t i o n  
U = c r o s s - s e c t i o n a l  a v e ra g e  v e l o c i t y  
x  = l o n g i t u d i n a l  c o o r d in a te  
A = c r o s s - s e c t i o n a l  a r e a  
E = d i s p e r s i o n  c o e f f i c i e n t
s = l o c a l  s o u rc e  te rm  a p p ly in g  a t  t h e  s e d im e n t-w a te r  
b o u n d a ry
In  o t h e r  w o rd s , t h e  l e f t  s i d e  o f  E q u a tio n  ( 1 5 ) ,  th e  
l o c a l  tim e  ch an g e  ( r a t e  o f  change o f  th e  a v e ra g e  
c o n c e n t r a t i o n  in  th e  c r o s s - s e c t i o n ) , e q u a ls  th e  e f f e c t  o f
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l o n g i t u d i n a l  d i f f u s i o n  and  d i s p e r s i o n  m inus th e  e f f e c t  o f  
a d v e c t io n ,  p lu s  l o c a l  a d d i t i o n  (s+ ) o r  rem o v a l ( s - )  o f  
s e d im e n t i n  s u s p e n s io n  v i a  e r o s io n  o r  d e p o s i t i o n  a t  t h e  
c h a n n e l  b o u n d a r i e s .  The d i s p e r s i o n  c o e f f i c i e n t ,  E , 
r e p r e s e n t s  th e  com bined  e f f e c t s  o f  l o n g i t u d i n a l  t u r b u l e n t  
d i f f u s i o n  and  l o n g i t u d i n a l  d i s p e r s i o n ,  a l th o u g h  d i s p e r s i o n ,  
w h ich  r e s u l t s  from  v e r t i c a l  and t r a n s v e r s e  g r a d i e n t s  i n  u 
and c i s  c o n s id e r e d  t o  b e  th e  m ore im p o r ta n t  o f  t h e  two in  
e s t u a r i n e  f lo w  ( H o l le y ,  e t  a l . ,  1 9 7 0 ) . H ow ever, i n  m arsh  
c h a n n e ls  t h e  c o n c e n t r a t i o n  o f  su sp en d e d  s e d im e n t e v id e n c e s  
r e l a t i v e l y  m in o r s p a t i a l  v a r i a t i o n s  i n  c r o s s - s e c t i o n  (p .  2 4 ) , 
so  t h a t  l o n g i t u d i n a l  d i f f u s i o n  and  d i s p e r s i o n  a r e  p ro b a b ly  
i n s i g n i f i c a n t  i n  th e s e  s y s te m s .
A d v e c tio n , on th e  o t h e r  h a n d , may b e  q u i t e  s i g n i f i c a n t  
w h en ev er l o n g i t u d i n a l  c o n c e n t r a t i o n  g r a d i e n t s  e x i s t  i n  
c o n ju n c t io n  w ith  l o n g i t u d i n a l  r e v e r s i n g  c u r r e n t s .  As an  
ex am p le , a  h o r i z o n t a l  c o n c e n t r a t i o n  g r a d i e n t  may b e  
e s t a b l i s h e d  th ro u g h  th e  a c t i o n  o f  w ind w aves on b o tto m  
s e d im e n ts  i n  th e  s h a l lo w  b a y s  and mud f l a t s  a d ja c e n t  to  th e  
m a rs h e s ,  t h e  l a t t e r  b e in g  l e s s  s u b j e c t  to  wave a c t io n  owing 
to  th e  v e g e t a t i o n  p r e s e n t .  S ed im en t s t i r r e d  up  in  th e  b ay  
and f l a t s  a r e a s  w i l l  th e n  b e  c a r r i e d  i n t o  th e  m arsh es  on 
f lo o d  t i d e  w here  i t  w i l l  e n c o u n te r  c o n d i t i o n s  m ore f a v o r a b le  
to  r e s u s p e n s io n  a t  t h e  o n s e t  o f  e b b , a  p r o c e s s  w h ich  sh o u ld  
r e s u l t  i n  a  n e t  t r a n s p o r t  o f  s e d im e n t i n t o  th e  m arsh . T h is  
c o n t r i b u t i o n  due  to  a d v e c t iv e  t r a n s p o r t  m u st th e n  be 
c o n s id e r e d  a d d i t i o n a l  t o  th e  t r a n s p o r t  t h a t  o c c u rs  even  on
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ca lm  d a y s  d u e  to  t h e  t u r b u l e n t  a c t i o n  o f  t i d a l  c u r r e n t s  on 
b o tto m  s e d im e n ts  w i th in  th e  m a rsh .
In  an  a t t e m p t  t o  a s s e s s  a d v e c t iv e  t r a n s p o r t  u n d e r  
o r d in a r y  c o n d i t i o n s ,  two o f  t h e  m easu rem en t ru n s  p r e s e n te d  
i n  A ppend ix  A (Run 3 , 8 /1 /7 2  and Run 5 , 1 0 /1 6 /7 2 )  
w ere  c o n d u c te d  w i th  a d d i t i o n a l  m easu rem en ts  b e in g  ta k e n  a t  
B r id g e s  2 and 3 on L i t t l e  F o o l C re ek  (F ig u r e  9 ; B r id g e  3 i s  
n e a r e s t  t h e  h e a d  o f  th e  c r e e k ) . A l e s s e r  num ber o f  w a te r  
sa m p le rs  and  c u r r e n t  m e te r s  w ere  u se d  a t  t h e  su p p le m e n ta ry  
s t a t i o n s ,  o th e r w is e  th e  same m ethods a s  em ployed a t  B r id g e  
1 w ere  i n  e f f e c t .  No c u r r e n t  d a ta  a r e  shown f o r  th e  e x t r a  
s t a t i o n s  d u r in g  Run 5 , h o w ev er, d ue  to  n e a p  t i d e  c o n d i t io n s  
acco m p an ied  by  m in im al c u r r e n t s .
G e n e r a l ly ,  t h e  a d d i t i o n a l  s t a t i o n s  do  n o t  r e v e a l  any 
h o r i z o n t a l  c o n c e n t r a t i o n  g r a d i e n t s  t h a t  c o u ld  n o t  be  
e x p la in e d  b y  d i f f e r e n t i a l  e r o s io n  and  s u s p e n s io n  a lo n g  th e  
c h a n n e l ,  r e c a l l i n g  from  th e  r e s u l t s  in  T a b le  11 t h a t  b o tto m  
s h e a r  s t r e s s e s  a p p a r e n t ly  d i f f e r  among s t a t i o n s  h a v in g  
d i f f e r e n t  w a te r  d e p th s .  The f a c t  t h a t  m o st o f  t h e  p eak s  i n  
c o n c e n t r a t i o n  o c c u r  in  c lo s e  p ro x im ity  t o  p e ak s  in  c u r r e n t  
sp e e d  a rg u e s  i n  f a v o r  o f  l o c a l  t u r b u le n c e  i n  e x p la in in g  th e  
b u lk  o f  l o c a l  c o n c e n t r a t i o n  c h a n g e . A d d i t io n a l  e x p e r im e n ts  
a r e  n eed e d  to  e v a lu a t e  th e  a d v e c t iv e  c o n t r i b u t i o n ,  ho w ev er, 
inasm uch  a s  th e  p r e s e n t  o n es w ere  n o t  o p e r a t iv e  d u r in g  
w indy  d a y s  w h ich  sh o u ld  b e  m ost c o n d u c iv e  t o  th e  l a t t e r .
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T r a n s p o r t  o f  P a r t i c u l a t e  O rg a n ic  M a t te r  (POM)
An im p o r ta n t  q u e s t io n  a r i s e s  on s e p a r a t in g  th e  m a t e r i a l  
fo u n d  in  s u s p e n s io n  i n  m arsh  c re e k s  i n t o  o rg a n ic  and 
in o r g a n ic  f r a c t i o n s ;  i . e . ,  do th e  two f r a c t i o n s  e v id e n c e  
l i k e  o r  u n l ik e  b e h a v io r  w i th in  th e  t r a n s p o r t  sy s tem ? The 
v ie w  h a s  b e e n  e x p re s s e d  t h a t  p a r t i c u l a t e  o rg a n ic  m a t t e r  i s  
p ro d u ce d  w i th in  th e  m arsh  th ro u g h  d e c a y  o f  p l a n t  and a n im a l 
re m a in s  and t h e r e a f t e r  e x p e r ie n c e s  a  n e t  t r a n s p o r t  i n  th e  
w a te r  colum n away from  th e  m arsh . T h e re  i s  no c o m p e llin g  
r e a s o n  to  b e l i e v e ,  h o w ev er, t h a t  p a r t i c u l a t e  in o r g a n ic  
m a t t e r  ( c l a y s ,  e t c . )  sh o u ld  o r i g i n a t e  w i th in  a  m arsh , r a t h e r  
s e d im e n to lo g i s t s  o f t e n  a rg u e  t h a t  c u r r e n t s  b r in g  such  
m a t e r i a l  i n t o  th e  m arsh  w here  i t  a c c u m u la te s  due to  
e n tra p m e n t by  m arsh  v e g e t a t i o n .  To exam ine t h i s  q u e s t io n  
m ore f u l l y ,  a  num ber o f  su sp en d ed  se d im e n t sam p les c o l l e c t e d  
d u r in g  t r a n s p o r t  m e a su rin g  ru n s  w ere  s u b s e q u e n t ly  a n a ly z e d  
i n  th e  l a b o r a to r y  t o  d e te rm in e  t h e i r  o rg a n ic  c o n te n t  b a se d  
on th e  am ount o f  c o m b u s tib le s  p r e s e n t .  The p ro c e d u re s  a r e  
g iv e n  in  th e  I n s t r u m e n ta t io n  and M ethods s e c t i o n .
The c o m b u s tib le s  f l u x  f o r  one e n t i r e  ru n  i s  shown in  
th e  a p p e n d ix  f o r  Run 1 , 5 /1 6 /7 2 .  I n  t h i s  r u n ,  v e ry  s i m i l a r  
sh a p e s  a r e  o b se rv e d  in  th e  two c u rv e s  f o r  t o t a l  s o l i d s  and 
c o m b u s tib le s  f l u x ,  t h e i r  r e s i d u a l  t r a n s p o r t s  d i f f e r i n g  by 
l i t t l e  m ore th a n  2%. E x p re sse d  a s  a  p e rc e n ta g e  by  w e ig h t 
o f  t h e  t o t a l  s o l i d s  c o n ta in e d  in  e ac h  sam ple  (g /lO O g ), th e  
f r a c t i o n a l  c o m b u s tib le s  c o n te n t  a p p e a rs  to  v a r y  b e tw een  
8 and 167o.
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F ig u r e  25 shows th e  f re q u e n c y  d i s t r i b u t i o n  o f  
f r a c t i o n a l  c o m b u s t ib le s  c o n te n t  co m p iled  f o r  166 sa m p le s .
In  t h i s  f i g u r e ,  a  s i n g l e  m odal p o i n t  i s  d o m in a n t n e a r  th e  
10% c o m b u s tib le s  l e v e l ,  w i th  p o s s i b l e  m in o r modes n e a r  1 3 .5  
and 15.0% . The sam p les  i n  th e  9 .5 -1 1 .0 %  g ro u p  a r e  f a i r l y  
e v e n ly  d i s t r i b u t e d  a s  r e g a r d s  t h e i r  t im e  o f  c o l l e c t i o n  
d u r in g  th e  c y c l e ,  w i th  some te n d e n c y  to  c l u s t e r  n e a r  th e  
p o i n t s  o f  maximum d i s c h a r g e .  Among th e  1 5 .0 -1 5 .5 %  g ro u p , 
f i v e  o f  s i x  sam p le s  o c c u r  a t  t h e  o n s e t  o f  ebb  t i d e ;  among 
th e  1 3 .0 -1 4 .0 %  g ro u p , e le v e n  o u t  o f  tw e n ty  sam p les  o c c u r  
n e a r  low  t i d e .  A lth o u g h  t h i s  may w e l l  r e f l e c t  d i f f e r e n t  
ty p e s  o f  o rg a n ic  m a t t e r  b e in g  su sp en d e d  a t  v a r io u s  s t a g e s  
o f  th e  t i d a l  c y c l e ,  much m ore d a t a  i s  n eed ed  to  be  c o n c lu ­
s iv e  on t h i s  m a t t e r .  The e v id e n c e  from  Run 1 , h o w e v er, i s  
t h a t  su sp en d e d  POM fo l lo w s  th e  v a r i a t i o n  i n  t o t a l  su sp en d e d  
s o l i d s  t o  a  g r e a t  e x t e n t  and m i r r o r s  th e  t r a n s p o r t  
c h a r a c t e r i s t i c s  o f  th e  l a t t e r .  A num ber o f  sam p le s  c h o se n  
a t  random  from  some o f  th e  o t h e r  ru n s  w ere  a l s o  a n a ly z e d  and 
th e s e  r e s u l t s  a r e  shown in  T a b le  1 2 , i n c lu d in g  a  random  
sa m p lin g  from  Run 1 .
The in f o r m a t io n  g iv e n  in  T a b le  12 r e v e a l s  a  f a i r l y  
n a rro w  ra n g e  i n s o f a r  a s  th e  c o m b u s tib le s  c o n te n t  o f  th e  
sam p les  i s  c o n c e rn e d . A l l  b u t  th e  6 /3 0 /7 2  r u n ,  in  f a c t ,  
h a v e  c o n f id e n c e  i n t e r v a l s  t h a t  o v e r la p  w i th  a t  l e a s t  one 
o th e r  r u n .  B ased on th e s e  r e s u l t s ,  th e  c o n c lu s io n  w hich  
m u st b e  re a c h e d  i s  t h a t  th e  POM c o n te n t  o f  su sp en d e d  
se d im e n ts  i s  f a i r l y  c o n s i s t e n t ,  a l lo w in g  f o r  a  c e r t a i n
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F ig u r e  25 . F re q u e n c y  d i s t r i b u t i o n  o f  f r a c t i o n a l
c o m b u s t ib le s  c o n te n t  i n  sam p les  o f  su sp en d e d  
se d im e n t c o l l e c t e d  d u r in g  Run 1 , 5 /1 6 /7 2 .
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am ount o f  v a r i a n c e  i n  i n d i v i d u a l  s a m p le s . I f  t h i s  
c o n c lu s io n  i s  c o r r e c t ,  th e n  t h e  t r a n s p o r t  o f  POM in  
s u s p e n s io n  w i l l  b e  l in k e d  to  t h a t  o f  t h e  t o t a l  su sp en d e d  
s o l i d s  i n  m arsh  c h a n n e ls .
TABLE 12
7o COMBUSTIBLES (g /lO O g TOTAL SOLIDS
IN SAMPLE), LITTLE FOOL CREEK 
D a te  Mean C o n fid e n c e  L im i ts 6 H igh  Low No. Sam ples
5 /1 6 /7 2 1 1 .5 8 ± 0 .8 6 1 5 .6 6 7 .9 5 25
6 /3 0 /7 2 8 .9 5 ± 0 .7 5 1 3 .1 9 5 .2 6 25
8 /3 1 /7 2 1 1 .5 8 ± 0 .6 7 1 3 .2 7 8 .8 5 23
1 2 /1 1 /7 2 1 0 .6 5 ± 0 .5 7 1 3 .1 1 8 .8 3 25
1 /2 4 /7 3 1 3 .4 8 ± 1 .1 5 1 8 .4 2 8 .7 0 25
6C o n fid e n c e  l i m i t s  e x p re s s e d  a s  S - t 0B, w here  S j  i s  th e  
s ta n d a r d  d e v ia t i o n  o f  th e  mean and t  0B i s  s t u d e n t 's  t  a t  
t h e  57» l e v e l .
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SOME REMARKS ON MARSH EVOLUTION
From th e  d a ta  on h a n d , t h e r e  i s  a t  l e a s t  an i n d i c a t i o n  
t h a t  su sp en d e d  se d im e n t t r a n s p o r t  i n  th e  m arsh  d r a in a g e  
sy s te m  u n d e r  s tu d y  w i l l  f a v o r  a  r e s i d u a l  ebb t r a n s p o r t  
d u r in g  much o f  th e  y e a r .  The c o m p le x ity  o f  m arsh  d r a in a g e  
sy s te m s  i s  su c h , h o w ev er, t h a t  f i r m  c o n c lu s io n s  a b o u t th e  
se d im e n t b a la n c e  d u r in g  any  g iv e n  y e a r  w i l l  r e q u i r e  e x te n d e d  
r e s e a r c h  on a  l a r g e  s c a l e .  A t t h i s  s t a g e ,  th e  w i s e s t  c o u rs e  
w ould  seem  to  be  t o  form  a  t e n t a t i v e  h y p o th e s is  and  to  
exam ine th e  f a c t o r s  t h a t  a f f i r m  o r  deny  i t .
The h y p o th e s is  w hich  th e  a u th o r  p u t s  fo rw a rd  i s  a s  
f o l lo w s :  S t r a t i g r a p h i c  e v id e n c e  shows c l e a r l y  t h a t  m arsh es
grow  v e r t i c a l l y  th ro u g h  se d im e n t e n tra p m e n t in  k e e p in g  
t h e i r  h i g h e s t  l e v e l s  on a  p a r  w i th  th e  s e c u l a r  r i s e  in  mean 
h ig h  w a te r .  The c h a n n e l n e tw o rk s  d r a i n i n g  a  g iv e n  a r e a  o f  
m arsh  a r e  n e t  e r o s iv e  f e a t u r e s ,  h o w e v e r, and a r e  rem oving  
se d im e n ts  and  c o n s e q u e n t ly  e x te n d in g  th e m se lv e s  a t  th e  h e a d s  
o f  th e  f i r s t  o r d e r  c h a n n e ls .  T h is  p a t t e r n  o f  s im u lta n e o u s  
g ro w th  in  b o th  th e  c h a n n e ls  and th e  m arsh  s u r f a c e  
c o n s t i t u t e s  an a p p a re n t  en ig m a, u n l e s s  o t h e r  p r o c e s s e s  a r e  
a t  w ork . C o n s id e r in g  th e  l a t e r a l  g ro w th  o f  th e  m arsh es  o n to  
th e  t i d a l  f l a t s  a r e a s ,  a s  d e m o n s tra te d  by  R e d f ie ld  (1965) 
and P e s t ro n g  (1 9 7 0 ) , t h e r e  may b e  a s  w e l l  a  t r a n s p o r t  v i a
122
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s h e e t f lo w  d u r in g  f lo o d in g  a c r o s s  t h i s  i n t e r f a c e  a t  th e  
h i g h e r  t i d e  l e v e l s .  M arsh g r a s s e s  w ould  b e  v e ry  e f f e c t i v e  
i n  b a f f l i n g  t h i s  ty p e  o f  f lo w  and e f f e c t i n g  th e  e n tra p m e n t 
o f  s e d im e n ts .  To an e x t e n t ,  t h i s  e n tra p m e n t  o c c u rs  a s  w e l l  
a lo n g  th e  b a n k s  o f  th e  m ain  c re e k  body w h ere  o v e rb a n k  f lo w s  
d u r in g  s p r in g  t i d e s  commonly e n c o u n te r  th e  t h i c k e s t  
a c c u m u la t io n s  o f  S p a r t in a  a l t e m i f l o r a  ( t h e  s o - c a l l e d  t a l l  
fo rm  o f  t h e  s p e c ie s )  and w here  r a i s e d  c h a n n e l  le v e e s  a r e  to  
be  s e e n  ( F ig u r e  1 4 ) .  N e v e r th e le s s ,  t h e  n e t  co n v ey an ce  o f  
s e d im e n t e n t e r in g  and  l e a v in g  th e  m arsh  v i a  th e  c h a n n e l 
n e tw o rk  i s  d i r e c t e d  se a w a rd .
The p r e s e n t  s tu d y  c o n c e n t r a te s  o n ly  on one p a r t  o f  th e  
t o t a l  sy s te m , n a m e ly , th e  lo w -o rd e r  c h a n n e ls  w h ich  h a n d le  
m ost o f  th e  m arsh  d r a in a g e .  The i n i t i a l  q u e s t io n  w h ich  th e  
a u th o r  c o n s id e r e d  w as, "Do th e  lo w -o rd e r  c h a n n e ls  convey  a  
n e t  q u a n t i t y  o f  s e d im e n t t o  i n n e r  m arsh  a r e a s  by  some 
p r o c e s s  a k in  t o  any  o f  th e  v a r io u s  ’ l a g '  phenom ena d e s c r ib e d  
by N e th e r la n d s  r e s e a r c h e r s  (P o s tm a , 1954 , 1961 ; Van S t r a a t e n  
and K uenen , 1957 ; G roen , 1 9 6 7 )?"  G ro en , i n  p a r t i c u l a r ,  h a s  
shown m a th e m a tic a l ly  t h a t  a  d i s t o r t e d  c u rv e  o f  c u r r e n t  
v e l o c i t y  c o u ld  e n h an ce  th e  t r a n s p o r t  e f f i c i e n c y  o f  th e  f lo o d  
p h a se  in  th e  h i g h e r - o r d e r  t i d a l  f l a t  c h a n n e ls .  B u t, a s  th e  
p r e s e n t  w ork h a s  show n, th e  d i s t o r t i o n  o f  b o th  th e  d i s c h a r g e  
and v e l o c i t y  c u rv e s  i n  m arsh  c h a n n e ls  i s  su ch  t h a t  th e  
e f f i c i e n c y  o f  t h e  ebb p h a se  sh o u ld  b e  i n c r e a s e d .  The th e o ry  
i s  t h a t ,  b e c a u s e  maximum ebb v e l o c i t y  i s  c l o s e l y  p re c e d e d  by 
th e  maximum f lo o d  v e l o c i t y ,  m ore s e d im e n t i s  l i k e l y  to  be
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p la c e d  i n  s u s p e n s io n  w i th  l e s s  t im e  to  s e t t l e  p r i o r  to  th e  
b e g in n in g  o f  e b b ; t h i s  c r e a t e s  r e l a t i v e l y  h ig h e r  
c o n c e n t r a t i o n  l e v e l s  a t  t h e  t im e  o f  maximum eb b . T h is  
i d e a l i z e d  p r o c e s s  o f  G ro e n fs i s  s e e m in g ly  b o rn e  o u t  by th e  
f i e l d  d a t a  c o l l e c t e d  a t  L i t t l e  F o o l C re e k , th e  o n ly  
d i f f e r e n c e  b e in g  t h a t  th e  p h a se s  a r e  r e v e r s e d  h e r e  a s  
com pared  to  t h e  d i s t o r t e d  c u rv e s  w h ich  G roen d e s c r ib e s  f o r  
t i d a l  f l a t  c h a n n e ls  i n  th e  Wadden S e a .
G roen , h o w ev er, d id  n o t  c o n s id e r  a d v e c t iv e  p r o c e s s e s  
i n  h i s  w o rk . The p r e s e n t  a u th o r  c o n s id e r e d  t h a t  a d v e c t io n  
may b e  q u i t e  im p o r ta n t  d u r in g  w indy p e r io d s  b e c a u s e  bay  and 
t i d a l  f l a t  s e d im e n ts  a r e  much m ore s u b j e c t  t o  w ind wave 
a c t io n  th a n  a r e  th e  m arsh  and m arsh  c h a n n e l s e d im e n ts .
Such an  e f f e c t  c o u ld  e s t a b l i s h  p ro n o u n ced  h o r i z o n t a l  
c o n c e n t r a t i o n  g r a d i e n t s  w h ich  w ould  in  tu r n  f a v o r  enhanced  
f lo o d  t r a n s p o r t  o f  se d im e n t i n  s u s p e n s io n  to w ard  th e  
m a rs h e s . T h is  ty p e  o f  g r a d i e n t  was n e v e r  w e l l - o b s e r v e d  in  
th e  f i e l d ,  due  in  p a r t  to  th e  d i f f i c u l t y  o f  c o n d u c tin g  
e x p e r im e n ts  a t  th o s e  t im e s  when w ind e f f e c t s  a r e  m ost s e v e re . 
T h u s , th e  a d v e c t iv e  p ro c e s s  c a n n o t be r u l e d  o u t ,  b u t  i f  and 
when i t  becom es d o m in a n t, th e  c h a n c e s  a r e  t h a t  i t  b e lo n g s  
in  t h e  dom ain o f  s t o r m - r e l a t e d  e v e n ts  w h ich  so  o f t e n  c a u s e  
a  g r e a t  am ount o f  ch an g e  in  a  s h o r t  am ount o f  t im e  in  b each  
e n v iro n m e n ts . The r e a d e r  w i l l  a p p r e c i a t e  t h a t  e x p e r im e n ts  
a r e  d i f f i c u l t  to  s e t  up  i n  advance  o f  t h e  " w e a th e r"  and 
ev en  m ore d i f f i c u l t  t o  c a r r y  o u t  w ith  m e a n in g fu l  r e s u l t s .
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P e rh a p s  th e  m o st i n t e r e s t i n g  s e t  o f  f a c t o r s  d i s c u s s e d  
i n  t h i s  w ork  i s  t h a t  o f  s e a s o n a l  v a r i a t i o n  in  th e  t i d a l  
p r is m s  e n t e r i n g  and l e a v in g  th e  m arsh  and s e a s o n a l  
v a r i a t i o n  i n  w a te r  t e m p e r a tu r e s .  The m onth  o f  J a n u a ry ,
1 9 7 3 , c o n ta in e d  v e r y  few  t i d e s  p ro d u c in g  a  l a r g e  p r is m  and 
l o c a l  w a te r  c l a r i t y  seem ed h ig h  d u r in g  m o st o f  t h e  m onth in  
w h ich  w a te r  te m p e r a tu r e s  w e re  u n if o rm ly  low  (M ic h ae l 
C a s ta g n a ,  p e r s o n a l  c o m m u n ic a tio n ) . T h e re  i s  l i t t l e  d o u b t 
t h a t  th e s e  f a c t o r s  i n  c o m b in a tio n  h e ld  s e d im e n t movem ents 
t o  a minimum d u r in g  J a n u a ry  and  p ro b a b ly  m o st o f  t h e  o t h e r  
w i n t e r  m onths a s  w e l l .  M arch , 1 9 7 3 , m arked  a  s h a rp  i n c r e a s e  
i n  su sp en d e d  s e d im e n t l e v e l s  w h ich  c o in c id e d  w i th  a  r e v e r s a l  
i n  h e a t  ex ch an g e  p a t t e r n s  i n  th e  s tu d y  m arsh  (F ig u re  2 4 ) , 
c o o le r  ebb  w a te r s  b e in g  o b s e rv e d  f o r  th e  f i r s t  t im e , 
acco m p an ied  by  th e  f i r s t  s i g n i f i c a n t  f lo o d  r e s i d u a l  f o r  
su sp e n d e d  s e d im e n t t r a n s p o r t .
W ith  th e  e x c e p t io n  o f  M arch and  p o s s ib l y  A p r i l ,  t h e  
m on ths o f  s i g n i f i c a n t  t r a n s p o r t  a c t i v i t y  a s  e v id e n c e d  by 
th e  m easu rem en t r u n s  and  th e  a s s o c i a t e d  f a c t o r s  o f  
d e m o n s tra te d  im p o r ta n c e  w ould  a p p e a r  to  b e  th o s e  o f  th e  
summer and f a l l  s e a s o n s .  I t  i s  t e n t a t i v e l y  h e ld  t h a t  th e  
l a t t e r  p e r io d s  a r e  a l s o  c o n d u c iv e  o f  ebb r e s i d u a l  t r a n s p o r t s  
on th e  w h o le , so  t h a t  th e  lo n g  ra n g e  te n d e n c y  o f  th e  m arsh  
d r a in a g e  sy s te m  i n  th e  s tu d y  a r e a  i s  t o  rem ove se d im e n t.
The above  c o n c lu s io n  i s  made i n  r e l a t i o n  to  t h e  s e d i ­
m ent b a la n c e  i n  t h e  d r a in a g e  sy s te m  a s  a  w h o le . W ith in  th e  
m a rs h , t h e r e  a r e  s i t e s  l o c a l l y  w h ich  e v id e n c e  e i t h e r
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d e p o s i t i o n  o r  e r o s i o n .  The m o st o b v io u s  exam ple  o f  e r o s io n  
i s  fo u n d  n e a r  th e  h e a d s  o f  th e  c r e e k s . T h ese  a r e a s  a r e  
c h a r a c t e r i z e d  by  a  p e a r - s h a p e d  a p ro n  o f  g e n t l e  s lo p e  
s u r ro u n d in g  th e  f i r s t - o r d e r  c h a n n e l  se g m e n ts . T h ese  
seg m en ts  a p p e a r  w i th o u t  e x c e p t io n  a s  d e ep  and  n a rro w  g ro o v e s  
o f  t h e  ty p e  c i t e d  by  P a r th e n ia d e s  (1965) a s  th e  f o c a l  p o i n t  
o f  e r o s io n  in  h i s  flu m e  s t u d i e s .  In  some p l a c e s ,  t h e  a u th o r  
h a s  o b se rv e d  th e  t i p s  o f  t h e s e  seg m en ts  c u t t i n g  th ro u g h  th e  
rh iz o m e  l a y e r  o f  d e a d  S p a r t in a  g ro w th . W ith in  th e  ap ro n  
i t s e l f ,  v e g e t a t i o n  i s  g e n e r a l l y  s p a r c e ,  i n c r e a s in g  g r a d u a l ly  
to w a rd s  th e  a p r o n 's  o u t e r  e d g e . U n lik e  th e  f i rm  g ro u n d  o f  
th e  m arsh  p r o p e r ,  t h e  s u r f a c e s  o f  t h e  a p ro n  a r e  s o f t  and 
d i f f i c u l t  t o  w a lk  o n , h a v in g  l i t t l e  p l a n t  m a t e r i a l  t o  b in d  
th e  s o i l .
The l o c a l  s i t e s  o f  d e p o s i t i o n  a p p e a r  t o  be  c o n f in e d  t o  
th e  le v e e s  a b o u t  t h e  h i g h e r - o r d e r  c h a n n e ls .  R u le s  p la c e d  in  
th e  s o i l  on t r a n s e c t s  p a r a l l e l  t o  t h e s e  c h a n n e ls  w e re  r e a d  
b e f o r e  and a f t e r  a  s e v e n ty -d a y  p e r io d  ( 8 /1 8 /7 2  - 1 0 /2 7 /7 2 ) .
The r e s u l t s  showed a c c u m u la t io n s  o f  a s  much a s  t h r e e  
c e n t im e te r s  one m e te r  from  th e  c h a n n e l  e d g e , t a p e r in g  o f f  
t o  a  h a l f  c e n t im e te r  o r  l e s s  a t  8 m e te r s  d i s t a n c e .  T h ese  
d a t a  a r e  n o t  s u f f i c i e n t  t o  p r e d i c t  lo n g - te rm  a c c u m u la tio n  
r a t e s  and  a r e  m e n tio n e d  o n ly  i n  s u p p o r t  o f  t h e  f a c t  t h a t  
some l o c a l  d e p o s i t i o n  d o es  o c c u r  a lo n g  th e  c h a n n e l l e v e e s .
The q u e s t io n  o f  th e  e x a c t  n a t u r e  o f  m arsh  e v o lu t io n  h a s  
many f a c e t s , some o f  w hich  h a v e  b e e n  t r e a t e d  in  t h i s  w ork
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w h ile  o th e r s  re m a in  f o r  f u t u r e  i n v e s t i g a t i o n s .  F o r ex am p le , 
i f  m arsh  c h a n n e ls  o f  t h e  ty p e  s tu d ie d  i n  t h i s  w ork a r e  
in d e e d  g row ing  a t  th e  e x p en se  o f  t h e  i n n e r  m arsh  a r e a s ,  one 
m ust a s k  w h e th e r  o r  n o t  t h i s  p r o c e s s  h a s  a  l i m i t  in  th e  
form  o f  a  maximum d ra in a g e  d e n s i t y ,  t a k in g  d r a in a g e  d e n s i ty  
t o  b e  th e  sum o f  th e  l e n g th s  o f  a l l  c h a n n e l segm ents 
in c lu d e d  w i th in  a  u n i t  a r e a  o f  m arsh . The m ost o b v io u s  
f a c t o r  w hich c o u ld  a c t  to  l i m i t  d r a in a g e  d e n s i ty  w ould be 
th e  r e d u c t io n  in  d r a in a g e  a r e a  a s s o c i a t e d  w i th  any one 
c h a n n e l n e tw o rk  a s  m ore and m ore c h a n n e ls  c u t  th ro u g h  th e  
m a rsh . Each c h a n n e l sy s te m  w ould  th e n  convey  a  s m a l le r  
t i d a l  p r is m  t o  and from  i t s  e f f e c t i v e  d r a in a g e  a r e a  w ith  a  
p ro b a b le  l o s s  i n  i t s  c a p a c i ty  to  t r a n s p o r t  s e d im e n ts .
P o s s ib ly  such  c irc u m s ta n c e s  w ould  le a d  to  th e  c lo s in g  o f  
o l d e r  s tre a m  n e tw o rk s  and renew ed d e p o s i t i o n  in  p o r t io n s  o f  
th e  m arsh . P e rh a p s ,  on th e  o th e r  h a n d , l a t e r a l  g row th  o f  
th e  m arsh  a t  i t s  i n t e r f a c e  w i th  t i d a l  mud f l a t s  and s h a llo w  
b a y s  r e p r e s e n t s  a  r e d i s t r i b u t i o n  o f  m arsh  a c re a g e  in  a  
c o n t in u o u s ly  c h a n g in g  p a t t e r n  w hich  te n d s  t o  o f f s e t  maximum 
d r a in a g e  c o n f ig u r a t io n s  in  th e  m a rsh -la g o o n  com plex .
A v e ry  s i g n i f i c a n t  q u e s t io n  m ust a l s o  b e  a sk ed  
c o n c e rn in g  th e  e f f e c t  o f  man-made c h a n n e ls  th ro u g h  th e  
m a rsh . W herever su ch  c h a n n e ls  a r e  d re d g e d , t h e r e  i s  n o t  
o n ly  th e  m a t te r  o f  s p o i l  d e p o s i t s  w h ich  may c a u se  l o c a l  
dam age to  a c t i v e l y  g ro w in g  m a rs h e s , b u t  th e  p o s s i b i l i t y  
e x i s t s  t h a t  t i d a l  f lo w  c h a r a c t e r i s t i c s  i n  many a d ja c e n t  
n a t u r a l  c h a n n e ls  may be  d r a m a t i c a l ly  c h an g e d , c a u s in g  a
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su d d en  r e d i r e c t i o n  in  e r o s i o n a l  and  d e p o s i t i o n a l  p a t t e r n s  
o v e r  a  w ide  a r e a .  T h is  i s  c e r t a i n l y  a  q u e s t io n  d e s e r v in g  
o f  f u t u r e  r e s e a r c h .
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SUMMARY AND CONCLUSIONS
In  th e  p r e c e d in g  p a g e s ,  th e  a u th o r  h a s  so u g h t to  
exam ine th e  num erous p r o c e s s e s  w h ich  a f f e c t  th e  t r a n s p o r t  
o f  w a te r  and  m a t e r i a l s  i n  s u s p e n s io n  i n t o  and o u t  o f  a 
t y p i c a l  m arsh  a r e a  v i a  th e  c h a n n e l n e tw o rk  c o m p r is in g  th e  
m arsh  d r a in a g e  sy s te m . Among th e  m o st im p o r ta n t  p r o c e s s e s ,  
a s  a s c e r t a i n e d  i n  t h i s  and in  o th e r  w o rk s , a r e :
1 . T id a l  c h a r a c t e r i s t i c s ,  m o st n o ta b ly  th e  
d e fo rm a tio n  o f  t h e  t i d e  c u rv e  by  s h a l lo w -  
w a te r  t i d e s .
2 . M arsh  to p o g ra p h y  in  te rm s o f  w a te r  s u r f a c e  
a r e a - h e i g h t  r e l a t i o n s h i p s .  T h ese  in  t u r n  
r e l a t e  t o  th e  t i d a l  p r is m  and th e  t im e -  
v a ry in g  d i s c h a r g e  a t  a  c r o s s - s e c t i o n  when 
c o u p le d  w i th  a  s u i t a b l e  m odel o f  th e  t i d e .
3 . F r i c t i o n a l  and w ind s t r e s s  e f f e c t s .
4 .  B o ttom  s h e a r  s t r e s s e s  in d u c e d  by  c h a n n e l f lo w  
and  t h e i r  a b i l i t y  to  e ro d e  and su sp en d  c o h e s iv e  
s e d im e n ts .
5 . T e m p e ra tu re  e f f e c t s  i n  te rm s  o f  c o h e s iv e  s o i l s  
r e s i s t a n c e  to  e r o s io n  and  p o s s i b l e  m o d i f i c a t io n  
o f  b o u n d a ry  f lo w  c h a r a c t e r i s t i c s .
6 . A d v e c tiv e  p r o c e s s e s  a c t i n g  b e tw een  m arsh es  and 
a d ja c e n t  b ay s  and t i d a l  f l a t s .
A c o m b in a tio n  o f  m o d e lin g  e f f o r t s  and a  d e t a i l e d  p rog ram  
o f  f i e l d  m easu rem en ts  o v e r  a  p e r io d  o f  a  y e a r  h a s  b e en  
aim ed a t  r e d u c in g  th e  l a c k  o f  know ledge w h ich  s u r ro u n d s  many 
i f  n o t  a l l  o f  t h e s e  p r o c e s s e s  in  th e  m arsh  e n v iro n m e n t.
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W ith  r e g a r d  t o  a r e a - h e i g h t  r e l a t i o n s h i p s ,  i t  h a s  b een  
shown t h a t  t i d a l  p r is m s  c a n  b e  a c c u r a t e l y  m odeled  u s in g  a  
v a r i a t i o n  o f  S t r a h l e r ' s  h y p s o m e tr ic  fo rm u la  i n  c o m b in a tio n  
w i th  t i d a l  d a t a .  U s in g  a v a i l a b l e  t i d a l  d a t a ,  i t  was fo u n d  
t h a t  a  w e ll-k n o w n  s e a s o n a l  c y c le  i n  m ean h ig h  w a te r  l e v e l  
e x e r t s  a  s t r o n g  s e a s o n a l  i n f lu e n c e  on t h e  d i s t r i b u t i o n  o f  
t i d a l  p r i s m s .  V iew ing  th e  p r is m  a s  a  d i s c h a r g e ;  i . e . ,  th e  
vo lum e o f  f lo w  p e r  s e m id iu r n a l  t im e  p e r i o d ,  t h e  f re q u e n c y  o f  
d i s c h a r g e  a t  a  g iv e n  l e v e l  o f  m a g n itu d e  i s  fo u n d  t o  b e  
s i g n i f i c a n t l y  h i g h e r  in  S e p tem b er and O c to b e r  b u t  
s i g n i f i c a n t l y  lo w e r  d u r in g  J a n u a r y  and  F e b ru a ry  a s  com pared 
t o  th e  r e m a in d e r  o f  th e  y e a r .  On a  q u a r t e r l y  b a s i s ,  t h e  
mean and  m ed ian  d i s c h a r g e  b o th  show a  p r o g r e s s i v e  i n c r e a s e  
b e tw ee n  th e  f i r s t  q u a r t e r  ( Ja n u a ry -M a rc h )  and th e  f i n a l  
q u a r t e r  (O c to b e r-D e c e m b e r) . T h ese  t r e n d s  i n  l e v e l  o f  
d i s c h a r g e  h a v e  o b v io u s  i m p l i c a t i o n s  r e g a r d in g  s e a s o n a l  
f l u s h i n g  c h a r a c t e r i s t i c s  and th e  c a p a c i ty  f o r  t r a n s p o r t  in  
m a r s h e s .
An e q u a l ly  im p o r ta n t  s e a s o n a l  f a c t o r ,  in  te rm s o f  th e  
o b se rv e d  l e v e l  o f  su sp e n d e d  s e d im e n t c o n c e n t r a t i o n ,  i s  t h a t  
o f  w a te r  t e m p e r a tu r e .  I t  i s  a p p a r e n t  t h a t  th e  r e s i s t a n c e  
t o  e r o s io n  e x h ib i t e d  by  c o h e s iv e  b o tto m  s e d im e n ts  i s  
e n h an ced  by  c o o l e r  t e m p e r a tu r e s .  A ch an g e  in  f lo w  
c h a r a c t e r i s t i c s  n e a r  th e  c h a n n e l  b o u n d a r ie s  may a l s o  b e  an 
im p o r ta n t  c o n se q u e n c e  o f  v a ry in g  s e a s o n a l  t e m p e r a tu r e s .
As a  r e s u l t ,  m a rk e d ly  lo w e r  l e v e l s  o f  c o n c e n t r a t i o n  a r e  
n o rm a lly  o b se rv e d  in  w i n t e r  ( e x c e p t  d u r in g  s p e l l s  o f
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w in d -g e n e ra te d  tu r b u le n c e )  a s  opposed  t o  th e  o t h e r  s e a s o n s .
A f i n a l  te m p e ra tu re  e f f e c t  may b e  t h a t  o f  d i f f e r e n t i a l  h e a t  
t r a n s f e r  on m a rsh e s  w h ich  was o b se rv e d  i n  a l l  t h r e e  modes 
a t  th e  s tu d y  c r e e k  (w arm er w a te r  g o in g  i n ,  w arm er w a te r  
com ing o u t ,  and  n o  c h a n g e ) . I n  a l l  o f  t h e  f l u x  m easu rem en t 
ru n s  in v o lv in g  s i g n i f i c a n t  su sp en d e d  se d im e n t l o a d s ,  t h e  
h e a v i e s t  c o n c e n t r a t i o n s  w ere  o b se rv e d  i n  a s s o c i a t i o n  w ith  
th e  t i d a l  p h a se  h a v in g  th e  w arm est e f f l u e n t .
On b a la n c e ,  th e  m arsh  d r a in a g e  n e tw o rk  i s  c o n s id e r e d  
to  b e  an  e r o s i v e  f e a t u r e ,  rem o v in g  m ore s e d im e n t fro m  th e  
i n n e r  m arsh  th a n  i t  b r i n g s  i n .  T h is  i s  a  v e r y  t e n t a t i v e  
c o n c lu s io n ,  ow ing to  th e  c o m p le x ity  o f  t h e  sy s te m  u n d e r  
c o n s i d e r a t i o n  w h ich  shows a  v a r i a b l e  p a t t e r n  o f  r e s i d u a l  
s e d im e n t t r a n s p o r t .  B roken  i n t o  s e a s o n a l  co m p o n en ts , th e  
r e s i d u a l  t r a n s p o r t  may b e  c h a r a c t e r i z e d  a s  h e av y  and eb b - 
o r i e n t e d  d u r in g  summer and  f a l l  m o n th s , l i g h t  and v a r i a b l e  
d u r in g  w in t e r  m o n th s , h e a v y  and  f lo o d  o r i e n t e d  d u r in g  
e a r l y  s p r i n g .  F u r t h e r  f i e l d  e x p e r im e n ts  a r e  n eed ed  to  
c o n f irm  o r  r e f u t e  t h i s  i n t e r p r e t a t i o n  in  i t s  b ro a d  
a p p l i c a t i o n  t o  th e  p r e s e n t  a s  w e l l  a s  o t h e r  s i m i l a r  m arsh  
e n v iro n m e n ts .
The im p a c t o f  t h e s e  f i n d in g s  may b e  d i s t u r b i n g  to  
c o a s t a l  g e o m o rp h o lo g is ts  who r i g h t l y  v ie w  m a rsh e s  as 
s e d im e n ta ry  f e a t u r e s  t h a t  h av e  e v o lv e d  th ro u g h  a  p r o c e s s  o f  
se d im e n t a c c u m u la t io n . The p ro o f  o f  t h e  above comes m a in ly  
from  s t r a t i g r a p h i c  e v id e n c e .  In  a t t e m p t in g  to  d i s c o v e r  th e  
dynam ic p r o c e s s e s  a t  w ork  w h ich  b u i ld  m a rs h e s , t h e  s o u rc e  o f
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t h e  s e d im e n ts  w i th in  them , e t c . ,  t h e  p a th  th e  i n v e s t i g a t o r  
m u st f o l lo w  i s  n o t  so  s im p le .  The m ost p o p u la r  a p p ro a c h  in  
t h i s  d i r e c t i o n  h a s  b een  th e  a d v o c a tio n  o f  v a r io u s  ty p e s  o f  
" l a g "  phenom ena in  s e d im e n t-b e a r in g  t i d a l  f lo w s .  A d raw back  
t o  t h i s  a p p ro a c h  i s  t h a t  th e  m o tio n s  o f  th e  i n d iv i d u a l  
p a r t i c l e s  a r e  u s u a l ly  c o n s id e r e d  i n  a  h ig h ly  i d e a l i z e d  f lo w  
f i e l d .  In  n a t u r e ,  t r a n s p o r t  p r o c e s s e s  a r e  c o n s id e r a b ly  
m ore com plex .
The p r e s e n t  s tu d y  h a s  b een  l i m i t e d  t o  a  d e f i n a b le  
s u b s y s te m , th e  m arsh  d r a in a g e  n e tw o rk  f e a t u r i n g  c h a n n e ls  
w h ich  end on th e  m arsh . From  th e  p o i n t  o f  v iew  o f  o p en - 
c h a n n e l  h y d r a u l i c  p r o c e s s e s ,  th e  f a c t o r s  w h ich  a f f e c t  
t r a n s p o r t  hav e  b een  ex am in ed . The c o n c lu s io n s  re a c h e d  do 
n o t  s u p p o r t  a  n e t  c o n v ey an ce  o f  s e d im e n t t o  th e  m arsh es  v i a  
th e  lo w -o r d e r  d r a in a g e  c h a n n e ls .  C o n s e q u e n tly , o th e r  
a v e n u e s  o f  t r a n s p o r t  m ust b e  c a l l e d  upon to  a c c o u n t  f o r  
s e d im e n t a c c u m u la tio n s  w i th in  th e  m arsh .
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RUN 1 
5 /1 6 /7 2
Wind 5 -1 0  mph S t o  SSW, g u s t s ,  o v e r c a s t  .
Mean a i r  tem p ..................................................... '23°C
Mean w a te r  tem p   20° C
T id a l  r a n g e ........................................................ 1 .6 1  m
Mean w a te r  l e v e l ............................................ 0 .7 2  m
D u ra t io n  o f  ru n :  1 6 .8  t o  2 9 .5  h r s .
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L . F . l  5 / 1 6 / 7 2  DISCHARGE ( C U . M . / S E C . )
INTEGRATED VALUES 
T L0lJD = 44 6 6 0  , 5 1 6 2
E b t  = - 4 5 / 7 9 . 2 9 6 9
RESIDUAL* - 1 3 1 8 . 7 1 8 9  PGA = 2 . 9 0
T S l = 1 6 . / 5  T S 2 = 2 3 . 5 5  T S 3 = 2 9 . 5 0
INTFRPGLAT IVE VALUES
TIME(HRS)  DISCHARGE ( C U . M . / S E C . )
1 6 .  750 0 . 0 0 0 0
1 7 . 0 0 0 0 . 0 3 2 0
1 7 . 2 5 0 0 . 1 2 5 2
1 7 , 5 0 0 0 . 2 3 0 4
1 7 . 7 5 0 0 . 2 8 7 8
l b . o o o 0 . 3 0 6 6
1 8 . 2 5 0 0 . 3 1 5 b
1 8 . 5 0 0 0 . 3 5 6 5
18 . 7 5 0 0 . 4 4 8 5
1 9 . 0 0 0 0 . 5 1 7 6
19 . 2 5 0 0 . 5 0 5 3
1 9 . 5 0 0 0 . 5 1 2 4
1 9 . 7 5 0 0 . 6 7 3 0
2 0 . 0 0 0 1 . 0 2 9 8
2 0 . 2 5 0 1 . 5 5 5 7
20 . 5 0 0 2 . 2 3 5 1
20 . 7 5 0 3 . 0 5 7 6
21 . UOG 3 . 9  391
21 . 2 5 0 4 . 7 3 8 4
2 1 . 5 0 0 5 . 2 8 2 9
21 . 7 5 0 5 . 3 3 3 3
22 . 0 0 0 4 . 7 1 6 0
22 . 2 5 0 3 . 8 1 0 3
2 2 . 5 0 0 3 . 1 6 2 2
2 2 . 7 5 0 2 . 7 1 8 6
2 3 . 0 0 0 2 . 1 6 1 3
2 3  . 2 5 0 1 . 3 2 4 6
2 3 . 5 0 0 0 . 2 4 1 9
2 3 . 7 5 0 - 1 . 0 3 0 8
2 4 . 0 0 0 - 2 . 3 6 9 9
2 4  . 2 5 0 - 3 . 6 2 3 2
2 4 .  500 —4 . 6 6  56
24 . 750 - 5 . 4 0 0 7
2 5 . 0 0 0 —5 . 8 3 6 8
25 . 2 5 0 - 6 . 0 6 2 2
25 . 5 0 0 - 6 . 0 3 5 9
2 5 . 7 5 0 - 5 . 4 2 5 7
2 6 . 0 0 0 - 4 .  138  1
26  . 2  50 - 2 . 7 0 0 0
26 . 500 - 1  . 6 0 6 1
26  . 7 5 0 - 0 . 8 8 7 3
2 7 . 0 0 0 - 0 . 4 5 8  7
2 7 . 2  50 - 0 . 2 3 5 2
2 7  . 500 - 0 . 1 3 9 7
27  . 750 - 0 . 1  133
2 8  . 0 0 0 - 0 . 1 0 3 7
2 8 . 2 5 0 - 0 . 0 0 9 8
2 8 . 5 0 0 - 0 . 0 6 5 0
2 8 . 7 5 0 - 0 . 0 3 8 1
2 9 . 0 0 0 - 0 . 0 3 2 0
2 9 . 2 5 0 - 0 . 0 2 3 7
2 9 . 5 0 0 0 . 0 0 0 0
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L .F .l
HOURS
IX
16,
IT
IB
18
19
19
20  
21 
21 
22  
23  
2 3  
2* 
2*
2 5 ,
2 6 , 
2 6 .
2 7 .
2 8 , 
2 8 . 
2 9 .
5/16/72
DISCHARGE ICU.N./SEC*)
i - 6 * 0 9 9 9  - 6 * 9 9 9 9  - 3 * 8 9 9 9  - 2 * 7 9 9 9  - 1 * 6 9 9 9  - 0 . 5 9 9 9  0 * 5 0 0 0  1 * 6 0 0 0  2 * 7 0 0 0  3 * 8 0 0 0  6 * 9 0 0 0
0000
6 2 5 0
750
5 0 0 0
1 2 5 0
7 5 0 0
0000
6 2 5 0
7 5 0 0
3 7 5 0
.0000
136
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L .F .l S/16/72
HOURS S.S. FIUXIK6./SEC.)
U )  - 0 . 5 9 5 9  - 0 . 4 6 7 9  - 0 . 9 7 5 9  - 0 . 2 9 1 9  - 0 . 2 0 9 9  - 0 . U 5 9  - 0 . 0 2 7 9  0 .0 6 0 0  0 .1 4 0 0  0 .2 9 6 0  0 .9 2 4 0
1 6 .7 5 0 0
1 9 .6 7 5 0
2 0 .5 0 0 0
2 1 .1 2 5 0
2 2 .9 7 5 0
2 9 .0 0 0 0
2 5 .5 0 0 0
2 6 .7 5 0 0
2 0 .0 0 0 0
2 9 . 2 5 0 0
138
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
139
L . F .  1 5 / 1 6 / 7 2
INTEGRATED VALUES
F LGt,'D= 2 2 9 .  19 74
E 138 = - 3 7 6 . 2 0 5 5
RESIDUAL= - 1 4 7 . 0 0 8 1
T S 1 = 1 6 . 7 5 T S 2 = 2 3 . 5 5  TS
INTCRPOLATIVF VALUES
TIME(HRS) COMB. FLUX(
1 6 . 7 5 0 0 . 0 0 0 0
1 7 . 0 0 0 0 . 0 0 0 2
1 7 . 2 5 0 0 . 0 0 0 5
1 7 . 5 0 0 0 . 0 C 0 8
1 7 . 7 5 0 0 . 0 0 1 2
1 8 . 0 0 0 0 . 0 0 1 6
1 8 . 2 5 0 0 . 0 0 1 7
1 8 . 5 0 0 0 . 0 0 1 7
1 8 . 7 5 0 0 . 0 0 1 8
1 9 . 0 0 0 0 . 0 0  19
1 9 . 2 5 0 0 . 0 0 1 8
1 9 . 5 0 0 0 . 0 0 1 9
1 9 .  750 0 . 0 0 2 6
2 0 . 0 0 0 0 . 0 0 4 3
2 0 . 2 5 0 0 . 0 0  75
2 0 . 5 0 0 0 . 0 1 2 7
2 0 . 7 5 0 0 . 0 2 0 0
2 1 . 0 0 0 0 . 0 2 7 9
21 . 2 5 0 0 . 0 3 3 2
2 1 . 5 0 0 0 . 0  3 38
21 . 7 5 0 0 . 0 3 0 0
2 2 . 0 0 0 0 . 0 2 2 6
2 2 . 2 5 0 0 . 0 1 4 7
2 2 . 5 0 0 0 . 0  102
2 2 . 7 5 0 0 . 0 0 8 2
2 3 . 0 0 0 0 . 0 0 6 3
2 3 . 2 5 0 0 . 0 0 3 4
2 3 . 5 0 0 0 . 0 0 0 4
2 3 . 7 5 0 - 0 . 0 0 1 7
2 4 . 0 0 0 - 0 . 0 0 4 7
2 4 . 2 5 0 - 0 . 0 1 0 9
2 4 . 5 0 0 - 0 . 0 1 9 4
2 4 . 7 5 0 - 0 . 0 2 6 4
2 5 . 0 0 0 - 0 . 0 3 2 4
2 5 . 2 5 0 - 0 . 0 4  09
2 5 . 5 0 0 - 0 . 0 5 2 3
2 5 . 7 5 0 - 0 . 0 5 9 3
2 6 . 0 0 0 - 0 . 0 5 7 0
2 6 . 2 5 0 - 0 . 0 4  76
2 6 . 5 0 0 - 0 . 0 3 4 2
2 6 . 7 5 0 - 0 . 0 1 9 9
2 7 . 0 0 0 - 0 . 0 0 7 8
2 7 . 2 5 0 - 0 . 0 0 1 0
2 7 . 5 0 0 0 . 0 0 0 0
2 7 . 7 5 0 - 0 . 0 0 0 3
2 8 . 0 0 0 - 0 . 0 0 0 4
2 8 . 2 5 0 - 0 . 0 0 0 3
2 8 . 5 0 0 - 0 . 0 0 0 1
2 8 . 7 5 0 - 0 . 0 0 0 1
2 9 . 0 0 0 - 0 . 0 0 0 1
2 9 . 2 5 0 - 0 . 0 0 0 1
2 9 . 5 0 0 O.OGOO
CCHQ. F L U X ( K G . / S E C .  )
PGA= 4 8 . 5 6  
3 = 2 9 . 5 0
K G . / S E C .  )
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HlluW 5^ 16^72 COMB* FLUX I KG* /SEC* )
0 .0 )1 0>0*00490 .0 2 2 9 0 . 0 1 ) 90 . 0 ) 1 9
1 6 .0 0 0 0
1 8 .6 2 5 0
2 0 .5 0 0 0
2 1 .7 5 0 0
2 8 .6 2 5 0
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L . F . l  S t  1 6 /7 2
HOURS AVERAGE SPEEC IN CM./SEC.IX1 AVERAGE CCNC. IN NC./L.t*)
(X ) - 4 9 . 9 9 9 9  - 3 9 . S 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  9 0 .0 0 0 0  9 0 .0 0 0 0
! ♦ )  0 .0 0 0 0  1 0 .0 0 0 0  2C.OOOO 3 0 .0 0 0 0  4 0 .0 0 0 0  9 0 .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  6 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0
•••* ••••*
1 6 .7 9 0 0 ♦
COHC.
CONC.
141
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l . f . l  5 / 1 6 / 7 2  
HCUR& AVERAGE SPEED IN C N ./S E C .IX ) AVERAGE CONC. IN  R G . / l . l * )
(X ) - 6 9 . 9 9 9 9  > 3 9 .9 9 9 9  > 2 9 .9 9 9 9  > 1 9 .9 9 9 9  > 9 .9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  A O .0 0 0 0  5 0 .0 0 0 0       .
( ♦ )  0 .0 0 0 0  2 .S Q 0 0  5 .0 0 0 0  7 .5 0 0 0  1 0 .0 0 0 0  1 2 .5 0 0 0  1 5 .0 0 0 0  1 7 .5 0 0 0  2 0 .0 0 0 0  2 2 . 5 0 0 0  2 5 .0 0 0 0
♦
„,*>■* CONC. 
COMBUSTIBLES
CONC
142
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6/30/72
W ind 5 -1 0  mph WSW, c l e a r  sk y
Mean a i r  tem p .................................................  26 °C
Mean w a te r  tem p ............................................  27°C
T id a l  r a n g e ......................................................  1 .1 6  m
Mean w a te r  l e v e l ..........................................  0 .7 0  m
D u ra t io n  o f  r u n :  4 .7  t o  1 6 .7  h r s .
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L. P . 1- 6 / 3 0 / 7 2  DI SCHARGE ( CU. M. / SE C.  )
INTEGRATED VALUES 
FL00U= . 2 7 6 7 1 . 5 0 3 9
F BC = - 2 9 9 8  2 . 5 7 0 3
RESIDUAL* - 2 1 1 1 . 0 6 6 9  PGA* 7 . 2 9
TS1= A . 70 T S 2 = 1 0 . 55 T S 3 = 1 6 . 6 5
I NT ERPOLAT IVE VALUES
TIN'E (HRS) DI SCH A RGE ( CU. M. / S E C.  )
A . 5 0 0 0 . 0 0 0 0
A . 7 5 0 0 . 0 2 1 4
5 . 0 0 0 0 . 1 2 6 1
5 . 2 5 0 0 . 2 2 0 1
5 . 5 0 0 0 . 2 9 4 8
5 . 7 5 0 0 . 3 4 1 2
6 . 0 0 0 0 . 3 5 3 8
6 . 2 5 0 0 . 3 5 1 2
6 . 5 0 0 0 . 3 6 2 0
6 . 7 5 0 0 . 3 9 4 3
7 . 0 0 0 0 . 4 2 8 9
7 . 2 5 0 0 . 4 6 1 2
7 . 5 0 0 0 . 5 5 3 1
7 . 750 0 . 7 7 6 5
8 .  uOO 1 .  1780
8 . 2 5 0 1 . 7 8 5 6
8 . 5 0 0 2 . 4 4 4 3
8 . 7 5 0 2 . 9 2 4 0
9 . 0 0 0 3 . 2 5 5 2
9 . 2 5 0 3 . 5 2 0 8
9 . 5 0 0 3 . 5 9 9 6
9 . 7 5 0 3 . 2 7 1 4
10 . 0 0 0 2 . 5 4 5 9
1 0 . 2 5 0 1 . 4 9 5 4
1 0 . 5 0 0 0 . 2 5 4 8
1 0 . 7 5 0 - 0 . 9 9 9 0
1 1 . 0 0 0 - 2 .  1346
1 1 . 2 5 0 - 3 . 0 6 4 4
1 1 . 5 0 0 - 3 . 7 9 5 6
1 1 . 7 5 0 - 4 . 3 5 0 9
1 2 . 0 0 0 - 4 . 6 3 7 9
1 2 . 2 5 0 - 4 . 4 7 7 1
1 2 . 5 0 0 - 3 . 7 0 8 0
1 2 . 7 5 0 - 2 . 2 3 9 6
1 3 . 0 0 0 - 0 . 7 7 4 2
1 3 . 2  50 - 0 . 2 8 5 9
1 3 . 5 0 0 - 0 . 4  118
1 3 . 7 5 0 - 0 . 4 8 5 2
1 4 . 0 0 0 - 0 . 3 6 2 8
1 4 . 2 5 0 - 0 . 2 ^ 0 0
1 4 . 5 0 0 - 0 . 3 1 7 8
1 4 . 7  50 - 0 . 3 4 0 1
1 5 . 0 0 0 - 0 . 2 9 0 4
1 5 . 2 5 0 - 0 . 2 0 0 1
1 5 . 5 0 0 - 0 . 1 0 6 9
1 5 . 7 5 0 - 0 . 0 3 2  7
1 6 . 0 0 0 0 . 0 0 3 0
1 6 . 2 5 0 0 . 0 0 3 1
1 6 . 5 0 0 - 0 . 0 0 1 1
1 6 . 7 5 0 0 . 0 0 0 0
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L .F .l 6/30/73
HOURS OISCMARGEICU.H./SfC.I
3 .5 6 0 01 .1 0 0 0 1 .9 2 0 02 .1 7 9 91X1
5 .1 2 5 0
5 .7 5 0 0
7 .0 0 0 0
7 .6 2 5 0
8 .6 7 5 0
9 .5 0 0 0
1 0 .7 5 0 0
12 .0 0 0 0
1 3 .0 7 5 0
1 6 .5 0 0 0
1 5 .1 2 5 0
1 5 .7 5 0 0
1 6 * 3 7 5 0
145
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L . F . l  6 / 3 0 / 7 2  S . S .  FLUX( KG. / S F C . )
I \ T L G K A I EG VALUES 
rLD0L)= o 9 0 . 4 3 9 9
F L3B= - 2  1 7 4 . 0 3 7 6
RESIUUAL= - 1 2 8 3 . 5 9 7 4  PGA= 3 3 . 7 7
TS1= 4 . 7 0  T S 2 = 1 0 . 5 5  T S 3 = 1 6 . 6 5
INTERPOLATIVE VALUES
TIME(HRS) S . S .  FLUX( K G . / S E C .  )
4 . 5 0 0 0 . 0 0 0 0
4 . 750 0 . 0 0 0 7
5 . 0 0 0 0 . 0 0 4 1
5 . 2 5 0 0 . CO 72
5 . 5 0 0 0 . G 0 9 7
5 . 7 5 0 0 . 0 1 1 2
6 . 0 0 0 0 . 0 1 1 5
6 . 2 5 0 0 . 0 1 1 1
6 . 5 0 0 0 . 0 1 0 6
6 . 7 5 0 0 . 0 1 0 4
7 . 0 0 0 0 . 0 1 0 8
7 . 2 5 0 0 . 0 1 1 9
7 .  500 0 . 0 1 3 9
7 .  750 0 . 0 1 7 6
8 . 0 0 0 0 . 0 2 8 2
8 . 2 5 0 0 . 0 5 0 4
8 . 500 0 . 0 7 7 6
8 . 7 5 0 0 . 0 9 7 4
9 . 0 0 0 0 . 1 1  36
9 . 2  50 0 . 1 3 2 4
9 . 500 0 . 1 3 9 5
9 . 7 5 0 0 . 1 1 3 8
1 0 . 0 0 0 0 . 0 7 0 0
1 0 . 2 5 0 0 . 0 3 0 8
1 0 . 5 0 0 0 . 0 0 4 1
1 0 . 7 5 0 - 0 . 0 1 5 5
1 1 . 0 0 0 - 0 . 0 4 8 8
1 1 . 2 5 0 - 0 . 1 1 8 2
1 1 . 5 0 0 - 0 . 2 2 6 5
1 1 . 7 5 0 - 0 . 3 6 7 3
1 2 . 0 0 0 - 0 . 4 7 9 4
1 2 . 2 5 0 - 0 . 4 6 5 8
1 2 . 5 0 0 - 0 . 3 3 3 0
1 2 .  / 5 0 - 0 . 1 6 6 9
1 3 . 0 0 0 - 0 . 0 4  2 2
1 3 . 2 5 0 - 0 . 0 0 3 0
1 3 . 5 0 0 - 0 . 0 1 4 0
1 3 . 7 5 0 - 0 . 0 2 2 2
1 4 . 0 0 0 - 0 . 0 1 5 7
1 4 . 2 5 0 - 0 . 0  129
1 4 . 5 0 0 - 0 . 0 1 7 2
1 4 . 7 5 0 - 0 . 0 1 9 8
■ 15 * 0 0 0 - 0 . 0 1 5 9
1 5 . 2 5 0 - O . C  102
1 5 . 5 0 0 - 0 . 0 0 6 7
1 5 . 7 5 0 - 0 . 0 0 4 9
1 6 . 0 0 0 - 0 . 0 0 3 9
1 6 . 2 5 0 - 0 . 0 0 2 9
1 6 . 5 0 0 - 0 . 0 0 1 0
1 6 .  / 5 0 0 . 0 0 0 0
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iCURS1 6/30/72 S .S . FIUXIKG./S6C.I
0 .0 7 9 00 .0 1 7 0• 0 .1 0 6 9■ 0 .2 3 0 9  - 0 . 1 6 8 97 8 9
5 .7 5 0 0
7 .0 0 0 0
7 .6 2 5 0
2 5 0 0
7 5 0
9 .5 0 0 0
1 2 . 0 0 0 0
1 2 .6 2 5 0
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i . r . i  1 / /  u
h O ) R S  •,.V* S P CEC I N  C M . / i f c C . I * )  A V r H A & r  t , r \ C .  ] N  » G * / L « < « I
u >  - * 9 .9 9 0 9  * 3 9 .9 9 9 9  - 2 9 .9 9 9 9  * 1 9 .9 9 9 9  * 9 .9 9 9 9  0 .0 0 0 0  ic .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  9 0 .0 0 0 0  s o .o o o o
( ♦ )
9 .  J l l U ' J
u -.'.j 1 0 .0 0 0 0  2C.OOOO 3 0 .0 0 0 0  9 0 .0 0 0 0  3 0 .0 0 0 0  o h . 0 0 0 0  7 0 .0 0 0 0  8 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0
CONC
CONC.
148
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RUN 3*
8 /1 /7 2
W ind 0 -5  mph & v a r i a b l e ,  p a r t l y  c lo u d y
Mean a i r  tem p ......................................................  28 °C
Mean w a te r  te m p .................................................  27°C
T i d a l  r a n g e ...........................................................  1 .4 6  m
Mean w a te r  l e v e l ............................................... 0 .7 0  m
D u ra t io n  o f  ru n :  6 .6  t o  1 9 .2  h r s .
* T h re e  b r id g e  ru n
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L . f . l  8 / 1 / 7 2  D I S C H A R G E I C U . M . / S E C . )
INTEGRATED VALUES 
FLOOD* A0 6 2 3 . 8 9 0 7
L: DE= - A 2 2 6 9 . 3 8 2 9
RESIDUAL* - 1 6 A 5 . A 9 2 A  PGA= 3 . 9 7
TS1= 6 . 5 5  T S 2 = 1 3 . 0 0  T S 3 = 1 9 . 2 0
INTERPOLATIVE VALUES
T I K E ( H R S ) D I S C H A R G E ! C U . M . / S E C . )
6 . 5 0 0 0 . 0 0 0 0
6 . 7 5 0 0 . 0 9 3 1
7 . 0 0 0 0 . 2 0 2 3
7 . 2 5 0 0 . 2  9A6
7 . 5 0 0 0 . 3 6 0 7
7 . 7 5 0 0 . 3 9 1 2
8 . 0 0 0 0 . 3 7 7 8
8 . 2 5 0 0 .  3 5 8 6
8 . 5 0 0 0 . A 2 8 1
8 . 7 5 0 0 . 5 6 3 2
9 . 0 0 0 0 . 5 8 2 9
9 . 2 5 0 0 .  3 9 5 7
9 . 5 0 0 0 . 3 1 2 3
9 .  7 50 0 . 6 2 A 0
1 0 . 0 0 0 1 . 1A52
1 0 . 2 5 0 1 . 66AA
1 0 . 5 0 0 2 . 3 A 5 5
1 0 . 7 5 0 3 . 3 2 9 1
1 1 .OOC A . 2 8 8 A
1 1 . 2 5 0 A . 8 6 0  3
1 1 . 5 0 0 5 . 0 0 5 1
11 . 7 5 0 A.  7 7 7 1
1 2 . 0 0 0 A . 2 8 6 3
1 2 . 2 5 0 3 . 6 5 5 7
1 2 . 5 0 0 2 . 8 9 1 8
1 2 . 7 5 0 1 . 7  A 10
1 3 . 0 0 0 0 . 0 0 0 0
1 3 . 2 5 0 - 1 . 9 3 8 0
1 3 . 5 0 0 - 3 . 5 3 2 5
1 3 . 7 5 0 - A . A 3 1 6
1A. 0 0 0 - A . 9 0 9 9
1 A . 2 5 0 - 5 . 3 2 0 0
1A. 5 0 0 - 5 . 7 0 2 6
1 A . 750 - 5 . 9  2 5 A
1 5 . 0 0 0 - 5 .  A 791
1 5 . 2 5 0 - 3 . 8 3 9 5
1 5 . 5 0 0 -  1 . 6 7 6 A
1 5 . 7 5 0 - 0 . A88A
16 . u 0 0 -  0 . A 5 3 5
1 6 . 2 5 0 - 0 .  7 1 6 0
1 6 . 5 0 0 - 0 . 6 9 9 A
1 6 . 7 5 0 - 0 . 5 1 0 0
1 7 . 0 0 0 -  0 . 3 A 3 2
1 7 . 2 5 0 - 0 . 2 7 7 6
1 7 . 5 0 0 - 0 . 2 3 9 7
1 7 .  750 - 0 .  1 6 7 1
1 8 . 0 0 0 - 0 . 0 8 3 2
1 8 . 2 5 0 - 0 . 0 3 0 A
1 8 . 5 0 0 - 0 . 0 1 5 0
1 8 . 7 5 0 - 0 . 0 1 5 6
1 9 . 0 0 0 - 0 . 0 1 0 1
1 9 . 2 5 0 0 . 0 0 0 0
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L .F .l 8/1/72 
HOURS 0! SCHRRCE f CU. N.SSEC. I
7*7900
9 .0 0 0 0
1 0 .2 9 0 0
1 2 .1290
1 2 .7 9 0 0
19 .9 7 9 0
1 9 .0 0 0 0
1 9 .2 9 0 0
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L . F . 2  8 / 1 / 7 2  D I S C H A R G E I C U . M . / S E C . )
I NT E GKA r E L) VALUES 
F LOOD= 2 1 4 0 1 . 2 4 2 2
!:13B = - 2 7 1 6 1 . 8 0 4 7
PvES1DUAL= - 1 7 6 0 . 5 6 2 7  PGA= 7 . 9 0
T S 1= 6 . 5 5  T S 2 = 1 3 . 0 0  T S 3 = 1 9 . 2 0
I NTERPCjLAT i vf  v a l u e s
T I M E ( H R S ) D I S C H A R G E ! C U . M . / S E C . )
6 . 5 0 0 0 . 0 0 0 0
6 . 7 5 0 0 . 0 1 8 2
7 . 0 0 0 0 . 0 4 0 7
7 . 2 5 0 0 . 0 6 2 0
7 . 5 0 0 0 . 0 8 1 7
7 . 7 5 0 0 . 0 9 9 0
8 . 0 0 0 0 . 1 1 3 3
8 . 2 5 0 0 . 1 2 3 6
8 . 5 0 0 0 .  1255
8 . 7 5 0 0 . 1 1 8 1
9 . 0 0 0 0 . 1 2 5 9
9 . 2 5 0 0 .  1737
9 . 500 0 . 2 6 4 2
9 . 7 5 0 0 . 3 9 1 8
1 0 . 0 0 0 0 . 5  184
1 0 . 2 5 0 0 . 5 9 7 5
1 0 . 5 0 0 0 . 8 3 0 8
1 0 . 7  50 1 . 5 6 6 3
1 1 . 0 0 0 2 . 4 8 1 4
11 . 2 5 0 2 . 9  214
1 1 . 5 0 0 2 . 9  7 32
1 1 . 7 5 0 2 . 8 9 4 9
1 2 . 0 0 0 2 . 6 8 4 0
1 2 . 2 5 0 2 .  1968
1 2 . 5 0 0 1 . 5 2  31
1 2 . 7 5 0 0 . 7 8 5 5
1 3 . 0 0 0 0 . 0 0 0 0
1 3 . 2 5 0 - 0 . 8 3 0 8
1 3 . 5 0 0 - 1 . 6 5 0 5
1 3 . 7 5 0 - 2 . 3 8 8 9
1 4 . 0 0 0 - 2 . 9 7 6 3
1 4 . 2 5 0 - 3 . 3 7 6 4
1 4 . 5 0 0 - 3 . 6 8 9 0
1 4 . 7 5 0 - 3 . 9 1 0 8
1 5 . 0 0 0 - 3 . 4 9 1 5
1 5 . 2 5 0 - 2 . 0 7 0 6
1 5 . 5 0 0 - 0 . 5 9 6 2
1 5 . 7 5 0 - 0 . 0 2 9 4
1 6 . 0 0 0 - 0 . 0 7 5 7
1 6 . 2 5 0 - 0 .  1552
1 6 . 5 0 0 - 0 .  1143
1 6 .  75 0 - 0 . 0 9 1 5
1 7 . 0 0 0 - 0 . 0 9 1 6
1 7 . 2 5 0 - 0 . 0 8 3 6
1 7 .  500 - 0 . 0 4 4 2
1 7 .  750 - 0 . 0 0 6 3
1 8 . 0 0 0 0 . 0 0 8 7
1 8 . 2 5 0 0 . 0 0 8 4
1 8 . 5 0 0 0 . 0 0 1 0
1 8 . 7 5 0 - 0 . 0 0  51
1 9 . 0 0 0 - 0 . 0 0 2 7
1 9 . 2 5 0 0 . 0 0 0 0
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L .F .2  9 / 1 / 7 2  
HOURS O ISC H A R G E IC U .M ./S E C .)
(X ) - 3 . 9 0 9 9  - 3 . 2 1 9 9  - 2 . 9 2 9 9  - I . B 3 9 9  - 1 . 1 * 9 9  - 0 . 4 9 9 9  0 .2 3 0 0  O .9 2 0 0  1 .6 1 0 0  2 .3 0 0 0  2 .9 9 0 0
7 .1 2 9 0
9 .0 0 0 0
9 .6 2 9 0
1 1 .9 0 0 0
1 9 .0 0 0 0
153
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L . F .  3 8 / 1 / 7 2  D I S C H A R G E I C U . M . / S E C . )
INTEGRATED VALUES 
FLGOD= 1 5 3 1 0 . 5 1 9 5
EHb= - 1 6 8 0 3 . 0 7 4 2
RES IDUAL = - 1 4 9 2 . 5 5 2 9  PGA = 9 . 2 9
TS1= 8 . 5 5  T S 2 = 1 3 • 0 0  T S 3 = 1 9 . 2 0
INTERPOLATIVE VALUES
T U ' E ( H R S )  DI SCH A RGE I CU. M. / SE C.  )
6 . 5 0 0 0 . 0 0 0 0
6 .  750 0 . 0 0 8 0
7 . 0 0 0 0 . 0 1 8 7
7 . 2 5 0 0 . 0 3 0 7
7 . 5 0 0 0 . 0 4  50
7 . 7 5 0 0 . 0 6 0 7
8 . 0 0 0 0 . 0 7 1 9
8 . 2 5 0 0 . 0 7 3 3
8 . 5 0 0 0 . 0 7 0 6
8 . 7 5 0 0 . 0 7 0 7
9 . 0 0 0 0 . 0 7 7 6
9 . 2 5 0 0 . 0 9 5 9
9 .  500 0 . 1 3 8 5
9 . 7 5 0 0 . 2 2 5 2
1 0 . 0 0 0 0 . 3 9 8 1
1 0 . 2 5 0 0 . 6 9 4 1
1 0 . 5 0 0 1 . 1 0 9 7
1 0 . 7 5 0 1 . 5 9 7 0
1 1 . 0 0 0 1 , 9 7 4 4
1 1 . 2 5 0 2 . 0 9 0  2
1 1 . 5 0 0 2 . 0 4 7 5
1 1 . 7 5 0 1 . 9 5 9 0
1 2 . 0 0 0 1 . 7 2 2 2
1 2 . 2 5 0 1 . 2 5 1 7
1 2 . 5 0 0 0 . 7 4 7 7
1 2 . 7 5 0 0 . 3 9 1 0
1 3 . 0 0 0 0 . 0 0 0 0
1 3 . 2 5 0 - 0 . 5 7 5 8
1 3 . 5 0 0 - 1 . 1 1 6 4
1 3 . 7 5 0 - 1 . 5 4 5 5
1 4 . 0 0 0 - 1 . 8 7 1 2
1 4 . 2 5 0 - 2 . 1 9 1 2
1 4 . 5 0 0 - 2 .  5 4 9 0
1 4 . 7 5 0 - 2 . 8 7 5 9
1 5 . 0 0 0 - 2 . 7 2 4 9
1 5 . 2 5 0 - 1 .  792 7
1 5 . 5 0 0 - 0 . 7 3 0 5
1 5 . 7 5 0 - 0 . 2 1 8 3
1 6 . 0  00 - 0 . 0 9 9 0
16 . 50 - 0 . 0 6 7 1
1 6 . 5 0 0 - 0 . 0 4 6 0
1 6 . 7 5 0 - 0 . 0 2 5 1
1 7 . 0 0 0 - 0 . 0 1 3 5
1 7 . 2 5 0 - 0 . 0 1 9 9
1 7 . 5 0 0 - 0 . 0 3 2 6
1 7 . 7 5 0 - 0 . 0 3 7 8
1 8 . 0 0 0 - 0 . 0 3 5 1
1 8 . 2 5 0 - 0 . 0 2 7 5
1 8 . 5 0 0 - 0 . 0 1 8 0
1 8 . 7 5 0 - 0 . 0 0 9 3
1 9 . 0 0 0 - 0 . 0 C 4 0
1 9 . 2 5 0 0 . 0 0 0 0
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L.F.
HOURS Dt SCHARGCICU* H*/SEC*>
2*12001 * 6 2 0 01 .1 2 0 00*62000*1200• 0 .3 7 9 98 7 9 93 7 9 9
6 * 5 0 0 0
9 * 0 0 0 0
1 7 .7 5 0 0
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L . F . l  8 / 1 / 7 ?  S . S .  F L U X ( K G . / S F C . )
INTFGPATTD VAl.U(:S 
FLOCD= ?06A . 8 3 3 5
E BB = - 2 6 2 0 , 6 7 5 7
RES I DU AL = - 7 5 5 . 8 A 2 A  PGA = 3 0 . 9A
T S 1= 6 . 5 5  T S 2 = 1 3 . 0 0  T S 3 = 1 9 . 2 0
INTERPOLATIVF VALUES
TIMElMRS)  S . S .  F L U X ( K G . / S E C .  )
6 . 5 0 0 0 . 0 0 0 0
6 . 7 5 0 0 . 0 C 7 0
7 . 0 0 0 0 . 0 1 5 0
7 . 2 5 0 0 . 0 2 1 3
7 . 5 00 0 . 0 2 5 0
7 .  750 0 . 0 2 A 9
8 . 0 0 0 0 . 0 2 0 A
8 . 2 5 0 0 . 0 1 5 9
8 . 5 0 0 0 . 0 2 2 3
8 . 7 5 0 0 . 0 3 7 9
9 . 0 0 0 O.OA37
9 . 2 5 0 0 . 0 2 7 8
9 .  5 00 0 . 0 1 2 8
9 . 7 5 0 0 . 0 2 0 5
1 0 . 0 0 0 0 . 0 3 6 6
1 0 . 2 5 0 0 . 0 A 5 5
1 0 . 5 0 0 0 . 0 6 AS
1 0 . 7 5 0 0 .  1 1 A 3
1 1 . 0 0 0 0 .  1 8 8 5
1 1 . 2 5 0 0 . 2 7 0 5
1 1 . 5 0 0 0 . 32AA
1 1 . 7 5 0 0 . 319A
1 2 . 0 0 0 0 . 2 6 8 A
1 2 . 2 5 0 0 . 1 9 4 7
1 2 . 5 0 0 0 .  1180
1 2 . 7 5 0 0 . 0 5 0 0
1 3 . 0 0 0 0 . 0 0 0 0
1 3 . 2 5 0 - 0 . 0 3 8 5
1 3 . 5 0 0 - 0 . 0 9 1 7
1 3 . 7 5 0 - 0 . 1 7 9 7
1A. 0 0 0 - 0 . 2 8 A 2
1 A . 2 5 0 - 0 . 3 8 1 6
I A . 5 0 0 - 0 . A 6 9 2
1 A . 7 5 0 - 0 . 536A
1 5 . 0 0 0 - 0 . 5 2 2 9
1 5 . 2 5 0 - 0 . 3 6 5 2
1 5 . 5 0 0 - 0 . 1 3 6 8
1 5 . 7 5 0 - 0 . 0 C 7 A
1 6 . 0 0 0 0 • 0 0 0 0
1 6 . 2 5 0 - 0 . 0 2 5 A
1 6 . 5 0 0 - 0 . 0 2 9 0
1 6 . 7 5 0 - 0 . 0 1 8 2
1 7 . 0 0 0 - 0 . 0 0 8 1
1 7 . 2 5 0 - 0 . 0 0 5 6
1 7 . 5 0 0 - 0 . 0 0 6 5
1 7 . 7 5 0 - 0 . 0 0 6 8
1 8 . 0 0 0 - 0 . 0 0 6 1
1 8 . 2 5 0 - 0 . 0 C A 8
1 0 . 5 0 0 - 0 . 0 0 3 2
1 0 . 7 5 0 - 0 . 0 0 1 8
1 9 . 0 0 0 - 0 . 0 0 0 7
1 9 . 2 5 0 0 . 0 0 0 0
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L .F .l 8/1/72 
HOURS S . S .  F lU X U G . / S E C . )
(X I • 0 . 9 3 9 9  - 0 . 4 4 9 9  • 0 . 3 6 3 9  - 0 . 2 7 7 9  - 0 . 1 9 1 9  - 0 . 1 0 9 9  - 0 . 0 1 9 9  0 .0 6 6 0  0 .1 9 2 0  0 .2 3 6 0  0 .3 2 4 0
6 .9 0 0 0
9 .0 0 0 0
157
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . 2  8 / 1 / 7 ?  S . S .  FLUX(KG. /SF:C.  )
INTEGRA!"EU VALUES 
FLOUO= 1 2 6 2 . 1 7 6 2
Ebli = - 1 5 2 5 . 5 8 6 6
RES IDUAL= - 2 6 3 . 4 1 0 4  PGA= 1 8 . 8 9
TS1= 6 . 5 5  T S 2= 13 . 0 0  T S 3 = 1 9 . 2 0
INTERPCLATIVF VALUES 
T I ME( HRS) S . S .  F L U X ( K G . / S E C . )
6 . 5 0 0 0 . 0 0 0 0
6 . 7 5 0 0 . 0 0 0 4
7 . 0 0 0 0 . 0 0 1 1
7 . 2 5 0 0 . 0 0 1 9
7 . 5 0 0 0 . 0 0 2 9
7 . 7 5 0 0 . 0 0 4 1
8 . 0 0 0 0 • OC 54
8 . 2 5 0 0 . 0 0 6 7
8 - 5 0 0 0 . 0 0 7 4
8 . 7 5 0 0 . 0 0 6 9
9 . 0 0 0 0 . 0 C 6 1
9 . 2 5 0 0 . 0 C 6 1
9 . 5 0 0 0 . 0 0 8 7
9 . 7 5 0 0 . 0 1 4 9
10 . 0 0 0 0 . 0 1 9 9
1 0 . 2 5 0 0 . 0 1 5 8
1 0 . 5 0 0 0 . 0 2 2 0
1 0 . 7 5 0 0 . 0 7 5 1
11 . 0 0 0 G . 1554
1 1 . 2 5 0 0 . 2 1 0 5
1 1 . 3 0 0 0 . 2 3 1 2
1 1 . 7 5 0 0 . 2 1 9 4
1 2 . 0 0 0 0 . 1 7 8 5
1 2 . 2 5 0 0 . 1 1 6 3
1 2 . 5 0 0 0 . 0 5 7 0
1 2 . 7 5 0 0 . 0 2 1 0
1 3 . 0 0 0 0 . 0 0 0 0
1 3 . 2 5 0 - 0 . 0 1 9 6
1 3 . 5 0 0 - 0 . 0 4 3 5
1 3 . 7 5 0 - 0 . 0 7 5 0
1A. 0 0 0 - 0 . 1 1 7 7
1 4 . 2 5 0 - 0 . 1 7 6 4
1 4 . 5 0 0 - 0 . 2 6 2 5
1 4 . 7 5 0 - 0 . 3 6 4 0
1 5 . 0 0 0 - 0 . 3 7 2 1
1 5 . 2 5 0 - 0 . 2 1 1 1
1 5 . 6 0 0 - 0 . 0 3 8 2
1 5 . 7 5 0 0 . 0 0 0 0
1 6 . 0 0 0 - 0 . 0 0  19
1 6 . 2 5 0 - 0 . 0 0 4 0
1 6 . 5 0 0 - 0 . 0 0 2 6
1 6 . 7 5 0 - 0 . 0 0 0 1
1 7 . 0 0 0 0 . 0 C 0 5
1 7 . 2 5 0 - 0 . 0 0 3 4
1 7 . 5 0 0 - 0 . 0 0 1 5
1 7 . 7 5 0 0 . 0 0 1 4
1 8 . 0 0 0 0 . 0 0 2 2
1 8 . 2 5 0 0 . 0 0 1 7
1 8 . 5 0 0 0 . 0 0 0 6
1 8 . 7 5 0 - 0 . 0 0 0 2
1 9 . 0 0 0 - 0 . 0 0 0 1
1 9 . 2 5 0 0 . 0 0 0 0
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L .F .2  8 / 1 / 7 2
HOURS S.S. FlUXUG./SCC.)
(X ) * 0 .3 7 1 9  * 0 .3 1 1 9  - 0 . 2 5 1 9  * 0 .1 9 1 9  * 0 . 1 3 1 9  * 0 . 0 7 1 9  * 0 .0 1 1 9  0 . 0 9 8 0  0 . 1 0 6 0  0 . 1 6 6 0  0 . 2 2 8 0
•  t  i  *  m • ____ • _____ « ______________________  . 9 .  • » . * . «
9.0UOU
9 .6 2 5 0
1 0 .2 5 0 0
19.0000
750
159
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . 3  0 / 1 / 7 2  S . S .  F L U X ( K G . / S F C . )
INTFGKATrU VALUES 
f-L0nD= 7 7 9 . 9 1 8 9
EBR = - 7 3 8 . 2 2 9 9
RESIOUAL= 9 1 . 1 8 8 9  PGA= 5 . 9 2
T S 1= 6 . 5 5  T S 2 = 1 3 . 0 0  T S 3 = 1 9 . 2 0
I iNT FRPOLAT I V F VALUES 
TIME(HRS)  S . S .  F L U X ( K G . / S E C .  )
6 . 5 0 0 0 . 0 0 0 0
6 . 7 5 0 0 . 0 C 0 2
7 . 0 0 0 0 . 0 0 0 6
7 . 2 5 0 0 . 0 0 1 1
7 . 5 0 0 0 . 0 0 1 8
7 . 7 5 0 0 . 0 0 2  7
8 . 0 0 0 0 . 0 0 3 2
8 . 2 5 0 0 . 0 0 3 1
8 .  500 0 . 0 0 2 8
8 . 7 5 0 0 . 0 0 3 0
9 . 0 0 0 0 . 0 0 3 9
9 . 2 5 0 0 . 0 0 3 9
9 . 5 0 0 0 . 0  0 50
9 . 7  50 0 . 0 C 7 9
1 0 . 0 0 0 0 . 0 1 9 5
1 0 . 2 5 0 0 . 0 2 6 7
1 0 . 5 0 0 0 . 0 9 6 7
1 0 . 7 5 0 0 . 0 7 5 0
1 1 . 0 0 0 0 .  1056
1 1 . 2 5 0 0 . 1 3 0 2
1 1 . 5 0 U 0 . 1 3 6 9
1 1 . 7 5 0 0 . 1 1 7 5
1 2 . 0 0 U 0 . 0 8 3 8
1 2 . 2 5 0 0 . 0 5 0 9
1 2 . 5 0 0 0 . 0 2 5 5
1 2 . 7 5 0 0 . 0 1 2 1
1 3 . 0 0 0 0 . 0 0 0 0
1 3 . 2 5 0 - 0 . 0 1 8 5
1 3 . 5 0 0 - 0 . 0 3 9 3
1 3 . 7  50 - 0 . 0 9 6 0
1 9 . 0 0 0 - 0 . 0 5 5 9
1 9 . 2 5 0 - 0 . 0 7 1 0
1 9 . 5 0 0 - 0 .  1C19
1 9 . 7 5 0 - 0 . 1 9 6 9
1 5 . 0 0 0 - 0 .  1616
1 5 . 2 5 0 - 0 . 1 1 0 0
1 5 . 5 0 0 - 0 . 0 9 1 0
1 5 . 7  50 - 0 . 0 0 8 9
1 6 . 0 0 0 - 0 . 0 C 3 9
1 6 . 2 5 0 - 0 . 0 0 2 9
1 6 . 5 0 0 - 0 . 0 0 1 6
1 6 . 7 5 0 - 0 . 0 0 1 3
1 7 . 0 0 0 - 0 . 0 0 1 9
1 7 . 2 5 0 - 0 . 0 0 1 9
1 7 . 5 0 0 - 0 . 0 0 2 3
1 7 . 7 5 0 - 0 . 0 0 2 3
1 8 . 0 0 0 - 0 . 0 0 2 1
1 8 . 2 5 0 - 0 . 0 0 1 6
1 8 . 5 0 0 - 0 . 0 0 1 1
1 8 .  750 - 0 . 0 0 0 6
1 9 . 0 0 0 - 0 . 0 0 0 2
1 9 . 2 5 0 0 . 0 0 0 0
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l . f . 3  6 / 1 / 7 i
HOURS S.S. FLUXIKO./SCC.I
U )  > 0 .1 6 1 9  - U . 1 3 1 9  - 0 . 1 0 1 9  - 0 . 0 7 1 9  - 0 . 0 6 1 9  - 0 . 0 1 1 9  0 .0 1 6 0  0 .0 6 8 0  0 . 0 7 8 0 ^  0 .1 0 8 0  0 . 1 ) 8 0
9 .0 0 0 0
1 0 .2 5 0 0
1 0 .0 7 5 0
1 1 .5 0 0 0
1 7 .1 2 5 0
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l . F . l  8 /1 /7 2
HOURS AVERAGE SPEEO I *  C N . / S E C . m  AVERAGE CONC. IN  M C . / l . U I
(X ) - 4 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 .0 0 0 0  5 0 .0 0 0 0
< ♦ >
6 .5 0 0 0
1 3 .3 7 5 0
0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 .0 0 0 0  5 0 . 0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  8 0 .0 0 0 0  9 0 . 0 0 0 0  1 0 0 .0 0 0 0
CONC.
C O N C .
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L . F . 2  8 / 1 / 7 2
HOURS AVERAGE SPEED IN C M ./S E C .(X )  AVERAGE CONC. IN  N G . / L .M I
(X ) * 4 9 ,9 9 9 9  * 3 9 .9 9 9 9  * 2 9 .9 9 9 9  * 1 9 .9 9 9 9  * 9 .9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 .0 0 0 0  5 0 .0 0 0 0
! ♦ )  0 .0 0 0 0  1 0 .0 0 0 0  2C.OOOO 3 0 .0 0 0 0  4 0 .0 0 0 0  5 0 .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  8 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0 ^
6 .5 0 0 0
CONC.
C O N C
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L . F . 3  8 / 1 / 7 2
HOURS AVERAGE SPECO IN C N * /S C C * U > AVERAGE CONC, |N  N G . / I . I O
IX ) * 4 9 * 9 9 9 9  * 3 9 * 9 9 9 9  * 2 9 * 9 9 9 9  * 1 9 * 9 9 9 9  * 9 * 9 9 9 9  0 * 0 0 0 0  1 0 * 0 0 0 0  2 0 * 0 0 0 0  3 0 * 0 0 0 0  9 0 * 0 0 0 0  9 0 * 0 0 0 0
• ____i ____ * ____ • ____ • ____ m ____ • ____ • . . . . • . . . . • . ^ . . • . . . . • . . . . • . . . . • . « * 4 * * * > * * * * t * * * * * * t t « * t * * t * * 4 * * ( * * » * * « 4
! ♦ )  0 * 0 0 0 0  1 0 * 0 0 0 0  2 0 * 0 0 0 0  3 0 * 0 0 0 0  9 0 .0 0 0 0  9 0 * 0 0 0 0  6 0 * 0 0 0 0  7 0 * 0 0 0 0  0 0 * 0 0 0 0  9 0 .0 0 0 0  1 0 0 * 0 0 0 0, ... .  ... _« .  .  .  «   .
CONC
CONC
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RUN 4
8 /3 1 /7 2
Wind 10 -1 5  mph ENE, p a r t l y  c lo u d y
Mean a i r  tem p ............................................. 26°C
Mean w a te r  tem p ........................................ 23 °C
T i d a l  r a n g e .................................................. 1 .0 3  m
Mean w a te r  l e v e l .....................................  0 .6 8  m
D u r a t io n  o f  ru n :  2 0 .0  t o  3 1 .9  h r s .
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L . F . l  8 /3 1 / 7 2
4 0M <  01 SCM4RGE (C U .K . /S E C - >
2 .8 6 0 02.22001 .5 6 0 00 .3 0 0 02 3 9 9
2 0 .0 0 0 0
2 0 . 6 2 5 0
2 1 .  2 5 0 0
7 5 0
2 3 . 7 5 0 0
30.0000
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L . F . l  8 / 3 1 / 7 2
I NT EGRATFC VALUES
FLCCD= 79 2 . 7  691
r  BB= - 1 0 A 3 . 0 7 7 3
RES ICUAL= - 2 5 0 . 3 0 8 1
r s i = 2 o . o o T S ? = 2 5 . 8 0  TS3
I NT ERPOLAFIVF VALUES
TI ME(HRS) S . S .  FLUX( KG
2U.OOO 0 . 0 0 0 0
2 0 . 2 5 0 0 . 0 0 3 0
2 0 . 5 0 0 0 . 0 0  59
2 0 . 7 5 0 0 . 0 C 8 2
2 1 . 0 0 0 0 . 0 0 9 8
2 1 . 2 5 0 0 . 0 1 1 2
2 1 . 5 0 0 0 . 0 13 A
2 1 . 7 5 0 0 . 0 1 6 9
2 2 . 0 0 0 0 . 0 2 0 2
2 2 . 2 5 0 0 . 0 1 9 7
2 2 . 5 0 0 0 . 0 1A 7
2 2 . 7 5 0 0 . 0 L 1 A
2 3 . 0 0 0 0 . 0  16A
2 3 . 2 5 0 0 . 0 3 1A
2 3 . 5 0 0 0 . 0 5 1 1
2 3 . 7 5 0 0 . 0 6 9 9
2 A.  0 0 0 C . 0 8 A 1
2 A . 2 5 0 0 . 05A3
2A . 5 0 0 0 .  10 15
2 A . 7 5 0 0 .  1C 35
2 5 . 0 0 0 0 . 0 9 3 6
2 5 . 2 5 0 C » 0 6 5 9
2 5 . 5 0 0 0 . 0 2 9 5
2 5 .  750 0 . 0 0 3 6
2 6 . 0 0 0 - 0 . 0  I AO
2 6 . 2 5 0 - 0 . 0 3 9 8
2 6 . 5 0 0 - 0 . 0 8 8 8
2 6 . 7 5 0 - 0 . 1 5 5 2
2 7 . 0 0 0 - 0 . 206A
2 7 . 2 5 0 - 0 . 2 1 5 2
2 7 . 5 0 0 - 0 . 1 8 3 2
2 7 . 7 5 0 - 0 . 1 2 2 1
2 5 . 0 0 0 - 0 . 0 5 5 9
2 0 . 2 5 0 - 0 . 0 1 1 2
28 . 500 0 . 0 0 0 0
2 8 . 7  50 - 0 . 0 0 2 7
2 9 . 0 0 0 - 0 . 0 0 6 0
29 . 2 5 0 - 0 . 0 0 7 3
2 9 . 5 0 0 - 0 . 0 0 7 9
2 9 . 7 5 0 - 0 . 0 0 9 1
3 0 . 0 0 0 - 0 . 0 1 0 5
3 0 . 2 5 0 - 0 . 0 1 0 2
3 0 . 5 0 0 - 0 . 0 0 6 7
3 0 . 7 5 0 - 0 . 0 0 2 7
31 . 0 0 0 - 0 . U 0 1 0
3 1 . 2 5 0 - 0 . 0 0 0 7
3 1 . 5 0 0 - 0 . 0 0 0 9
3 1 . 7 5 0 - 0 . 0 0 0 3
32 . 0 0 0 0 . 0 0 0 0
F L U X ( K G . / S E C . )
PGA= 2 7 . 2 6
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L . F . l  8 /3 1 /7 2  
HOURS S . S .  F lU X I K O ./S f C .I
0 . 0 * 1 0(X I ,0 0 9 01829 189
2 0 .0 0 0 0
2 2 .5 0 0 0
2 7 .5 0 0 0
3 0 .0 0 0 0
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l . F . l  0 / 3 1 / 7 2
HOURS AVERAGE SPEED IN  C N . / S E C .U )  AVERAGE CONC. IN P G . / l . ( « )
(X I - * 9 , 9 9 9 9  - 3 9 . 9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  * 0 .0 0 0 0  5 0 .0 0 0 0
( O  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  * 0 .0 0 0 0  5 0 .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  8 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0
2 0 .0 0 0 0
CONC.
CONC
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171
RUN 5*
1 0 /1 6 /7 2
W ind 1 0 -1 5  mph SSW, g u s t s ,  o v e r c a s t
Mean a i r  tem p .................................................. 16 °C
Mean w a te r  te m p ............................................. 15 °C
T i d a l  r a n g e ....................................................... 0 .8 2  m
Mean w a te r  l e v e l ..........................................  0 .5 6  m
D u r a t io n  o f  r u n :  8 .2  t o  2 1 .0  h r s .
* T h re e  b r id g e  r u n ;  m in im a l c u r r e n t  s p e e d s ,  
n o t  r e p o r t e d  f o r  L .F .2  and L .F .3 .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . l  1 U / 1 6 / 7 2  D I S C H A R G F ( C U . M . / S F C . )
INTEGRATED VALUES 
FLOCD= 718  4 . 0 0 5 9
Ebb= - 7 . 3 4 7 . 0 0 5 8
RES I DU AL= - 1 6 2  . 9  199 PGA = 2 . 2 4
TS1= B . 2 0  T S 2 = 1 5 . 0 0  T S 3 = 2 1 . 0 0
I NTERPOLATIVE VALUES
TIME (IIRS ) D I SC H A R GE ! CU. M. / S E C .  )
8 . 0 0 0 0 . 0 0 0 0
8 . 2 5 0 0 . 0 1 0 7
8 . 5 0 0 0 . 0 6 5 0
3 . 7 5 0 0 . 1 2 1 6
9 . 0 0 0 0 .  1 8 2 6
9 . 2 5 0 0 . 2 5 0 0
9 . 5 0 0 0 . 3 1 5 8
9 . 7 5 0 0 . 3 3 3 4
1 0 . 0 0 0 0 . 2 7 6 4
1 0 . 2 5 0 0 . 1 8 6 4
1 0 . 5 0 0 0 . 1 1 4 3
1 0 . 7 5 0 0 . 0 9 9 2
1 1 . 0 0 0 0 . 1 3 4 5
1 1 . 2 5 0 0 . 2 0 1 6
11 . 5 0 0 0 . 2 7 6 5
1 1 . 7 5 0 0 . 3 3 1 0
12 . 0 0 0 0 . 3 4 7 8
1 2 . 2 5 0 0 . 3  331
1 2 . 5 0 0 0 . 2 9 7 8
1 2 . 7 5 0 0 . 2 6 0 6
1 3 . 0 0 0 0 . 2 4 4 1
1 3 . 2 5 0 0 . 2 6 5 9
1 3 . 5 0 0 0 . 3 2 5 5
1 3 . 7 5 0 0 . 4 1 7 5
1 4 . 0 0 0 0 . 5 3 4 0
1 4 . 2 5 0 0 . 6 6 4 8
1 4 . 5 0 0 0 . 7 4 4 1
1 4 . 7 5 0 0 . 5 8 2 4
1 5 . 0 0 0 0 . 0 0 0 0
1 5 . 2 5 0 - 0 . 5 5 0 9
1 5 . 5 0 0 - 0 . 8 4 2 7
1 5 . 7 5 0 - 0 . 9 4 4 6
1 6 . 0 0 0 - 0 . 8 9 3 9
1 6 . 2 5 0 - 0 . 7 0 7 4
1 6 . 5 0  0 - 0 . 4 6 3 2
1 6 . 7 5 0 - 0 . 2 0 7 0
1 7 . 0 0 0 - 0 . 2 4 5 6
1 7 . 2 5 0 - 0 . 2 7 1 9
1 7 . 5 0 0 - 0 . 3 0 1 5
1 7 . 7 5 0 - 0 . 3 1 5 0
1 8 . 0 0 0 - 0 . 3 0 0 0
1 8 . 2 5 0 - 0 . 2 6 0 9
1 8 . 5 0 0 - 0 . 2 2 4 5
1 8 .  750 - 0 . 2 1 1 8
1 9 . 0 0 0 - 0 . 2 1 6 5
1 9 . 2 5 0 - 0 . 2 2 5 1
19 . 5 0 0 - 0 . 2 2 4 5
1 9 . 7 5 0 - 0 . 2 0 4 4
2 0 . 0 0 0 - 0 . 1 6 8 7
2 0 . 2 5 0 - 0 . 1 2 4 3
2 0 . 5 0 0 - 0 . 0 7 8 2
2 0 . 7 5 0 - 0 . 0 3 7 4
21 . 0 0 0 0 . 0 0 0 0
2 1 . 2 5 0 0 . 0 0 0 0
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HOURS l . F . l  1 0 /1 6 /7 2  D l SCHAR06 (C U .M ./S E C . I
(X I - 0 . 9 3 9 9  * 0 .7 6 9 9  * 0 .5 9 9 9  * 0 . 6 2 9 9  * 0 .2 5 9 9  * 0 .0 8 9 9  0 .0 8 0 0  0 .2 5 0 0  0 .6 2 0 0  0 .5 9 0 0  0 .7 6 0 0
8 .0 0 0 0
9 .8 7 5 0
1 1 .7 5 0 0
1 3 .0 0 0 0
1 6 .7 5 0 0
1 7 .3 7 5 0
0000
2 0 .5 0 0 0
2 1 . 1 2 5 0
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10
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12
13
13
1«
15
16.
1 6 .
1 7 .
1 8 . 
1 8 . 
1 9 .
1 9 .
2 0 . 
2 1 .
1 0 /1 6 /7 2
S . S .  F L U X I K C . / S E C .  I
0 2 6 9 0 .0 2 2 9 0 .0 3 1 0- 0 .0 1 6 9  - 0 . 0 1 0 9 0 .0010 0 .0 0 7 0 0 .0 1 3 0 0 .0 2 5 00 .0 1 9 0
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L«F»1 1 0 /1 6 /7 2
HOUft'S W E M G f SPEED IN C N ./S E C * tX >  AVERAGE CONC* IN  N 6 * / L .1 * l
(X ) - 6 9 . 9 6 6 6  - 3 6 . 6 9 9 6  - 2 9 * 9 6 9 9  - 1 9 . 9 9 9 6  - 6 * 9 9 9 9  0 * 0 0 0 0  1 0 * 0 0 0 0  2 0 . 0 0 0 0  3 0 .0 0 0 0  4 0 .0 0 0 0  9 0 * 0 0 0 0
!♦)
0.0000
1 2 .3 7 & 0
1 7 .3 7 9 0
0 0 0 0  1 0 .0 0 0 0  2 0 . 0 0 0 0  3 0 . 0 0 0 0  4 0 .0 0 0 0  9 0 . 0 0 0 0  6 0 . 0 0 0 0  7 0 . 0 0 0 0  -» 0 0 .0 0 0 0  6 0 .0 0 0 0  1 0 0 * 0 0 0 0
CONC.
CONC,
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L . r . l  1 0 / 1 6 / 1 2
HOURS AVERACf SPCEC IN C H . / S C C .U )  AVEJUGE CONC. IN R C . / L . U )
(X ) - 6 4 . 9 9 9 9  - 3 9 . 9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  6 0 .0 0 0 0  9 0 .0 0 0 0
!♦>
8 .0 0 0 0
0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  6 0 .0 0 0 0  9 0 .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  8 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0
CONC.
C O N C
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L . F . 2
HOURS
(X
9
9
10
1 0 .
11
12
12
13. 
19, 
1* . 
IS .  
IS .
14 . 
17 , 
17
10/16/72
AVERAGE C O N C . ( P G . / l . 1
1 0 .0 0 0 0  1 0 .0 0 0 0  2C.OOOO 3 0 .0 0 0 0  4 0 .0 0 0 0  S O .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  0 0 .0 0 0 0 ^  9 0 .0 0 0 0 ^  1 0 0 .0 0 0 0 ^   •••• . . . .  . . . .  . . . .  . . . .  . . . .  . . . .
. 0 0 0 0
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I . F . 3  1 0 / 1 6 / 7 2
HOURS AVERAGE C O N C .tF G ./L .I
(X I 0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 .0 0 0 0  3 0 .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  0 0 .0 0 0 0  3 0 .0 0 0 0  1 0 0 .0 0 0 0      .
3 .0 0 0 0
1 1 .3 0 0 0
1 2 .1 2 3 0
1 2 .7 3 0 0
1 3 .3 7 3 0
1 7 .1 2 3 0
179
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RUN 6 
1 1 /1 2 /7 2
W ind 0 -5  mph & v a r i a b l e ,  c l e a r  sk y
Mean a i r  tem p ..................................................****
Mean w a te r  tem p ..........................................  12 °C
T id a l  r a n g e   0 .9 9  m
Mean w a te r  l e v e l .......................................  0 .9 4  m
D u r a t io n  o f  ru n :  6 .0  t o  1 8 .5  h r s .
NOTE: T h is  ru n  c o n ta in s  d a t a  c o m p ile d  u s in g  
two d i f f e r e n t  sa m p lin g  i n t e r v a l s ;  v i z .  
15 m in u te s  and 30 m in u te s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . l  1 1 / 1 2 / 7 2  15i'. IN D I SCI1ARGE t CU. M . /SEC .  )
INTECRa TEO VALUES
FLOOD= 3 / 3 0 2 . 5 3 9  1
EBB = - 3 8 5 0 2 . 8 5 1 6
RES I DUAL- - 1 2 8 0 . 3 1 2 7  PGA= 3 . 3 7
T S 1= 6 . 0 0  T S 2 = 1 2 . 5 0  T S 3 = 1 8 . 5 0
INTCRPGLATIVF VALUES 
r IME(HRS ) O I S C H A R G E ( C U . M . / S E C . )
6 . 0 0 0 0 . 0 0 0 0
6 . 2 5 0 0 .  1 8 28
6 . 5 0 0 0 . 3 4 3 0
6 .  750 0 . 4 5 7 9
7 . 0 0 0 0 . 5 0 4 9
7 . 2 5 0 0 . 4 6 1 5
7 . 5 0 0 0 .  3 4 1 0
7 . 7  50 0 . 2 6 7 8
8 . 0 0 0 0 . 4 0 7 2
8 . 2 5 0 0 . 6 9 8 4
8 . 5 0 0 1 .  1 4 0 1
8 . 7 5 0 1 .  1 6 8 3
9 . 0 0 0 1 . 6 6 8 3
9 . 2  50 1 . 9 8 2 6
9 . 5 0 0 2 . 6 2 1 2
9 .  7 50 3 .  14 30
1 0 . 0 0 0 3 . 6 4 5 6
1 0 . 2 5 0 3 . 7 3 7 2
1 0 . 5 0 0 3 . 6 7 7 3
1 0 . 7 5 0 3 . 3 0 9 9
1 1 . 0 0 0 2 . 9 4  21
1 1 . 2 5 0 ? . 3 8 5 3
1 1 . 5 0 0 2 . 1 0 4 7
1 1 . 7 5 0 1 . 5 9 6 5
1 2 . 0 0 0 1 . 4 7 9 8
1 2 . 2 5 0 1 . 0 5 8 8
1 2 . 5 0 0 O.OUOO
1 2 . 7 5 0 - 1 . 1 4 6 6
1 3 . 0 0 0 - 1 . 6 3 6 0
1 3 . 2 5 0 - 2 . 4 6 4 9
1 3 . 5 0 0 - 3 . 2 0 4 1
1 3 . 7  50 - 3 . 7 0 3 9
1 A. 0 0 0 - 3 . 6 7 2 0
1A . 2 5 0 - 3 . 9 5 2 1
1 4 . 5 0 0 - 4 . 0 U 7 9
1 4 . 7 5 0 - 4 . 3 2 5 1
1 5 . 0 0 0 - 4 . 2 1 3 8
1 5 . 2 5 0 - 3 . 7 9 2 1
1 5 . 5 0 0 - 2 . 7 5 3 b
1 5 . 7  50 - 1 . 0 9 3 8
1 6 . 0 0 0 - 0 . 6 8  5 8
1 6 . 2 5 0 - 0 . 5 0 7 3
1 6 . 5 0 0 - 0 . 2 6 5 6
1 6 . 7 5 0 - 0 . 3 6 0 0
1 7 . 0 0 0 - 0 . 1 8 2 9
1 7 . 2 5 0 - 0 . 2 1 3 3
1 7 . 5 0 0 - 0 . 2 3 8 1
1 7 . 7 5 0 - 0 . 1 8 8 0
1 8 . 0 0 0 - 0 . 1 0 7 8
1 8 . 2 5 0 - 0 . 0 4 2 6
1 8 . 5 0 0 0 . 0 0 0 0
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L .F . l  1 1 /1 2 /7 2  1 5« ln
HOURS O IS C H A R G E (C U .H ./S E C .I
(X ) - A . 3 2 9 9  - 3 . 5 1 9 9  - 2 . 7 0 9 9  - 1 . 8 9 9 9  - 1 . 0 0 9 9  - 0 . 2 7 9 9  0 . 3 3 0 0  1 .3 9 0 0  2 . I S 0 0  2 .9 8 0 0  3 .7 7 0 0
6.0000
6 . 6 2 5 0
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L . T . l  1 1 / 1 2 / 7 2  30MIN C I SCHARGE( CU. M. / SCC. )
INTEGRATED VALUES
FLODD= 3 7 2 3 7 . 7 6 5 7
Fi3B= - 3 7 6 7 8 . 8 0 4 7
RES I DUAL = - 3 9 1 . 0 3 9 1  PGA = 1 . 0 4
TS1= 6 . 0 0  r S 2 = 1 2 . 5 0  T S 3 = 1 8 . 5 0
I NT ERPOL AI IV E VALUES 
T I KC( HRS)  D I S C H A R G E ( C U . M . / S E C . )
6 . 0 0 0 0 . 0 0 0 0
6 . 2 5 0 0 . 1 0 3 5
6 . 5 0 0 0 . 1 9 9 0
6 . 7 5 0 0 . 2  785
7 . 0 0 0 0 . 3  340
7 . 2 5 0 0 . 3  5 75
7 . 5 0 0 0 . 3 4 1 0
7 . 7 5 0 0 . 3 0 7 8
8 . 0 0 0 0 . 4 0 7 2
8 . 2 5 0 0 . 7 4 6 3
8 . 5 0 0 1 .  1401
8 . 7  50 1 . 4 0 6 5
9 . 0 0 0 1 . 6 6 8 3
9 . 2 5 0 2 . 0 8 0 3
9 . 5 0 0 2 . 6 2 1 2
9 , 7 5 0 3 . 2 0 2 5
10 . 0 0 0 3 . 6 4 5 6
1 0 . 2  50 3 . 7 9 4 7
1 0 . 5 0 0 3 . 6 7 7 3
1 0 . 7 5 0 3 . 3 6 7 1
1 1 . 0 0 0 2 . 9 4  21
1 1 . 2 5 0 2 . 4  8 6 3
1 1 . 5 0 0 2 . 1 0 4 7
1 1 . 7 5 0 1 . 8 4 1 7
1 2 . 0 0 0 1 . 4 7 9 8
1 2 . 2 5 0 0 . 8 1 9 8
1 2 . 5 0 0 0 . 0 0 0 0
1 2 . 7 5 0 - 0 . 8 0 8 0
1 3 . 0 0 0 - 1 . 6 3 6 0
1 3 . 2 5 0 - 2 . 5 0 6 5
1 3 . 5 0 0 - 3 . 2 0 4 1
1 3 . 7 5 0 - 3 . 5 3 9 9
1 4 . 0 0 0 - 3 . 6 7 2 0
1 4 . 2 5 0 - 3 . 8 0  80
1 4 . 5 0 0 - 4 . 0 0 7 9
1 4 . 7 5 0 - 4 . 2 3 4 7
1 5 . 0 0 0 - 4 . 2 1 3 8
1 5 . 2 5 0 - 3 . 6 9 3 4
1 5 . 5 0 0 - 2 . 7 5 3 8
1 5 . 7 5 0 - 1 . 6 1 0 1
1 6 . 0 0 0 - 0 . 6 8 5 8
1 6 . 2 5 0 - 0 . 3 1 4 7
1 6 . 5 0 0 - 0 . 2 6 5 6
1 6 . 7 5 0 - 0 . 2 3 3 2
1 7 . 0 0 0 - 0 .  1829
1 7 . 2 5 0 - 0 . 1 4 1 1
1 7 . 5 0 0 - 0 . 1 0 9 5
1 7 . 7 5 0 - 0 . 0 8 3 6
1 8 . 0 0 0 - 0 . 0 5 8 7
1 8 . 2 5 0 - 0 . 0 3 0 4
1 8 . 5 0 0 0 . 0 0 0 0
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L . F . l  1 1 /1 2 /7 2  JO m in .
HOURS PISC H A R G E IC U .M ./SE C *I
(X ) - A . 2 2 9 9  - 3 . * 2 9 9  - 2 . 6 2 9 9  - 1 . 4 2 9 9  - 1 . 0 2 9 9  - 0 . 2 2 9 9  0 .5 7 0 0  1 .3 7 0 0  2 .1 7 0 0  2 . 9 7 0 0  3 .7 7 0 0
6 .0 0 0 0
6 , 6 2 5 0
11.0000
1 / .U 7 S 0
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► CUAS AVERAGE S P E E P IC P ./S E C .I
3 0 .0 0 0 0  * 0 .0 0 0 0  5 0 .0 0 0 01 0 .0 0 0 0  £ 0 .0 0 0 02 9 .9 9 9 9  - 1 9 . 9 9 9 99 9 9 9  - 3 9 . 9 9 9 9
6 . 0 0 0 0
6 .6 2 5 0
U . U O U O
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l . F . l  l i / 1 2 / 7 2  30*16
hCUkS AVERAGE S P E E O I O . /S E C .  I
(X I - A 9 .9 9 9 9  - 3 9 . 9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  O.QQOO 1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  A O .0 0 0 0  5 0 .0 0 0 0•           .
6 .0 0 0 0
186
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RUN 7 
1 1 /3 0 /7 2
Wind 1 0 -1 5  mph NE t o  NNW, l i g h t  r a i n
Mean a i r  tem p ....................................................  10° C
Mean w a te r  tem p ...............................................  12°C
T id a l  r a n g e ......................................................... 1 .0 3  m
Mean w a te r  l e v e l ............................................. 0 .8 1  m
D u r a t io n  o f  r u n :  9 .9  t o  2 2 .2  h r s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . l  1 1 / 3 0 / 7 2  C I S C H A R G E ( C U . M . / S E C . )
INTEGRATED VALUES 
rLCCD= 3 0 2 0 1 . 0 0 7 8
EBfc-= - 3 2 2 3 2 . 4 0 6 3
RESI DUAL= - 2 0 3 1 . 3 9 8 6  PGA= 6 . 5 0
TS1= 9 . 9 0  T S 2 = 1 6 . 7 0  T S 3 = 2 2 . 2 0
INTERPOLATIVF VALUES
TIME I HRS) D I S C h A R G E ( C U . K . / S E C . )
9 . 7 5 0 0 . 0 0 0 0
1 0 . 0 0 0 0 . 0 6 0 1
1 0 . 2 5 0 0 .  1994
1 0 . 5 0 0 0 . 3 0 2 3
10 . 7 5 0 0 . 3 4 2 7
1 1 . 0 0 0 0 . 2 9 6 0
1 1 . 2 5 0 0 . 1 9 6 5
1 1 . 5 0 0 0 . 1 5 5 0
1 1 . 7 5 0 0 . 2 4 9 5
1 2 . 0 0 0 0 . 4 0 8 4
1 2 . 2 5 0 0 . 5 1 9 8
1 2 . 5 0 0 0 . 4 6 3 5
1 2 . 7 5 0 0 . 2 1 6 2
1 3 . 0 0 0 0 . 1 5 4 1
1 3 . 2 5 0 0 . 5 7 3 3
1 3 . 5 0 0 1 . 0 5 2 5
1 3 . 7 5 0 1 . 1 7 7 0
1 4 . 0 0 0 1 . 2  775
1 4 . 2 5 0 1 . 7 1 7 7
1 4 . 5 0 0 2 . 2 5 0  9
1 4 .  / 5 0 2 . 5 9 3 0
15 . 0 0 0 2 . 9 2 4 0
1 5 . 2 5 0 3 . 3 9 9 8
1 5 . 5 0 0 3 . 6 1 8 4
1 5 . 7 5 0 3 . 2 2 8 1
1 6 . 0 0 0 2 . 6 3 9 0
1 6 . 2 5 0 2 . 2 1 0 1
1 6 . 5 0 0 1 . 3 3 6 0
1 6 . 7 5 0 - 0 . 3 3 8 5
1 7 . 0 0 0 - 1 . 7 1 2 3
1 7 . 2 5 0 - 2 . 3 9 2 4
1 7 . 5 0 0 - 2 . 7 4 9 2
1 7 . 7 5 0 - 3 . 4 1 1 6
1 8 . 0 0 0 - 4 .  1 8 9 7
1 8 . 2  50 - 4 . 7 1 2 9
1 8 . 5 0 0 - 4 . 7 2 0 9
1 8 . 7 5 0 - 4 . 0 6 4 3
1 9 . 0 0 0 - 2 . 9 2 8 2
1 9 . 2  5U - 1 . 6 2 2 0
1 9 . 5 0 0 - 0 . 6 2 0 8
1 9 . 7 5 0 - 0 . 2 8 0 7
2 0 . 0 0 0 - 0 . 3 1 9 0
2 0 . 2 5 0 - 0 . 3 6 9 0
2 0 . 5 0 0 - 0 . 3 6 8 2
2 0 . 7 5 0 - 0 . 3 2 9 8
2 1 . 0 0 0 - 0 . 2 6 7 0
2 1 . 2 5 0 - 0 . 1 9 3 2
2 1 . 5 0 0 - 0 . 1 2 1 6
2 1 . 7  50 - 0 . 0 6 5 5
2 2 . 0 0 0 - 0 . 0 3 0 7
2 2 . 2 5 0 0 . 0 0 0 0
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L .F . l  1 1 /3 0 /7 2
HOURS 01SC H A R G C (C U .M ./SC C .I
IX ) - * . 7 1 9 9  - 3 . 8 0 9 9  - 1 . 0 5 9 9  - 2 . 2 2 9 9  - 1 . 3 9 9 9  - 0 . 5 6 9 9  0 .2 6 0 0  1 .0 9 0 0  i . 9 2 0 0  2 .7 5 0 0  3 .5 0 0 0
* _____• ______* ______a ____ . a . .  a . a a ______a ______a ______a ______1______I ______I ______• ______
11.0000
1 1 .6 2 5 0
1 2 .2 5 0 0
1 3 .5 0 0 0
1 6 .0 0 0 0
1 6 .6 2 5 0
1 7 .2 5 0 0
2 1 .0 0 0 0
2 2 .2 5 0 0
189
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L . F . l
hams
(X
9
10
11
11
12
12
13
16
I)
16
16
IT
17,
18
19.
19,
2 0 . 
2 1 . 
2 1 . 
2 2 .
1 1 /3 0 /7 2
AVERAGE SPEED (C M */SEC *1
) > 6 9 .9 9 9 9  - 3 9 . 9 9 9 9  > 2 9 .9 9 9 9  > 1 9 .9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  6 0 .0 0 0 0  5 0 .0 0 0 0
.  7 500
190
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RUN 8 
1 2 /1 1 /7 2
Wind 0 -5  mph N, c l e a r  sk y
Mean a i r  tem p ......................................................... 6°C
Mean w a te r  te m p .................................................... 1 1 °C
T id a l  r a n g e .............................................................. 1 .1 0  m
Mean w a te r  l e v e l .................................................  0 .6 8  m
D u r a t io n  o f  ru n :  5 .2  t o  1 7 .5  h r s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . l  1 2 / 1 1 / 7 2  C I S C H A R G E I C U . M . / S E C . )
INTEGRATED VALUES 
rLOOD= 2 4 5 3 0 . 0 4 6 9
EBB= - 2 4 0 4 7 . 7 8 9 1
RES IDuAL= 4 8 2 . 2 5 7 8  PGA = 1 . 9 8
T S 1= 5 . 1 5  T S 2 = 1 1 . 9 5  T S 3 = 1 7 . 5 0
INTERPOLATIVF VALUES
TIME(HRS)  D I S C H A R G E ! C U . M . / S E C . )
5 . 0 0 0 0 . 0 0 0 0
5 . 2 5 0 0 . 0 2 4 0
5 .  5 0 0 0 . 0 8 0 7
5 . 7 5 0 0 . 1 2 6 1
6 . 0 0 0 0 .  1519
6 . 2 5 0 0 . 1 5 0 0
6 . 5 0 0 0 .  1183
6 . 7 5 0 0 . 0 7 8 8
7 . 0 0 0 0 . 0  59 7
7 . 2 5 0 0 . 0 8 9 0
7 . 5 0 0 0 . 1 9 3 7
7 . 7 5 0 0 . 3 6 0 4
8 . 0 0 0 0 . 5 2 3 3
8 . 2 5 0 0 . 6 2 1 3
8 . 5 0 0 0 . 6 2 7 8
8 .  7 50 0 . 5 3 5 4
9 . 0 0 0 0 . 4 9 6 3
9 . 2 5 0 0 . 7 8 4 1
9 .  500 1 . 4 6 9 6
9 . 7 5 0 2 . 1 6 3 3
1 0 . 0 0 0 2 . 5 7 3 8
1 0 . 2 5 0 2 . 7 6 8 2
1 0 . 5 0 0 2 . 8 4 8 6
1 0 . 7 5 0 2 . 8 1 8 3
1 1 . 0 0 0 2 . 6 3 6 5
1 1 . 2 5 0 2 . 2  761
1 1 . 5 0 0 1 . 7 2 8 2
1 1 . 7 5 0 0 . 9 4 2 8
1 2 . 0 0 0 - 0 . 2 9 2 9
1 2 . 2 5 0 - 1 . 5 6 6 5
1 2 . 5 0 0 - 2 . 3 6 0 8
1 2 . 7 5 0 - 3 . 1 4 6 8
1 3 . 0 0 0 - 3 . 9 6 0 0
1 3 . 2 5 0 —4 . 4  6 4 4
1 3 . 5 0 0 - 4 . 2 6 6 5
1 3 . 7 5 0 - 3 . 0 2 2 0
1 4 . 0 0 0 - 1 . 3 0 4 7
1 4 . 2 5 0 - 0 . 3 2 4 2
1 4 . 5 0 0 - 0 . 2 5 2 1
1 4 . 7 5 0 - 0 . 4 4 7 6
1 5 . 0 0 0 - 0 . 4 6 6 4
1 5 . 2 5 0 - 0 . 3 4 8 9
1 5 . 5 0 0 - 0 . 2 0 1 0
1 5 . 7 5 0 - 0 .  1066
1 6 . 0 0 0 - 0 . 0 6 1 3
1 6 . 2 5 0 - 0 . 0 3 9 4
1 6 . 5 0 0 - 0 . 0 2 7 3
1 6 . 7 5 0 - 0 . 0 2 0 9
1 7 . 0 0 0 - 0 . 0 1 6 2
1 7 . 2 5 0 - 0 . 0 0 9 0
1 7 . 5 0 0 0 . 0 0 0 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . l  1 2 /1 1 /7 2
HOURS O IS C H A R C C IC U .H ./S E C .)
IX ) - 4 . 4 5 9 9  - 3 . 7 2 9 9  - 2 . 9 9 9 9  - 2 . 2 6 9 9  - 1 . 5 3 9 9  - 0 . 6 0 9 9  - 0 . 0 7 9 9  0 .6 5 0 0  1 .3 6 0 0  2 .1 1 0 0  2 .6 6 0 0
5 .0 0 0 0
6 .2 5 0 0
1 2 5 0
6 .7 5 0 0
10.0000
1 3 .7 5 0 0
1 6 .6 2 5 0
1 6 .8 7 5 0
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L . T . l  1 2 / 1 1 / 7 2  S . S .  FLUX( KG. / S E C • )
INTEGRATOC VALUES 
FLU(JU= 7 2 3 . 0 2 0 2
EBU = - 5 4 8 . 3 1 5 5
RES IDUAL = 1 7 4 . 7 0 4 7  PGA = 2 7 . 4 8
TS1= 5 . 1 5  TS?=  1 1 . 9 5  T S 3 = 1 7 . 5 0
I.NTERPOLAT IVE VALUES
ME(HRS) S . S .  F L U X ( K G . / S E C . )
5 . 0 0 0 0 . 0 0 0 0
5 . 2 5 0 0 . 0 0 0 1
5 . 5 0 0 0 . OCOo
5 . 7 5 0 0 . 0 0 1 1
6 . 0 0 0 0 . 0 0 1 6
6 . 2 5 0 0 . 0 0 2 0
6 . 5 0 0 0 . 0 0 2 2
6 . 750 0 . 0 0 2 2
7 . 0 0 0 0 . 0 0 1 6
7 . 2 5 0 0 . 0 0 1 4
7 . 5 0 0 0 . 0 0 3 7
7 . 7 5 0 0 . C C 8 8
8 . 0 0 0 0 . 0 1 3 9
8 . 2 5 0 0 . 0 1 6 7
8 . 5 0 0 0 . 0 1 7 1
8 . 7 5 0 0 . 0 1 5 5
9 . 0 0 0 0 . 0 1 4 8
9 . 2 5 0 0 . 0 1 9 8
9 . 5 0 0 0 . 0 3 3 3
9 . 7 5 0 0 . 0 5 3 7
1 0 . 0 0 0 0 . 0 7 6 9
1 0 . 2 5 0 0 . 0 9 4 b
1 0 . 5 0 0 0 .  1000
1 0 . 7 5 0 0 . 0 9 4 3
11 . 0 0 0 0 . 0 8 3 1
1 1 . 2 5 0 0 . 0 6 8 9
1 1 . 5 0 0 0 . 0 4 9 7
1 1 . 7 5 0 0 . 0 2 3 9
1 2 . 0 0 0 - 0 . 0 0 6 2
1 2 . 2 5 0 - 0 . 0 2 7 8
1 2 . 5 0 0 - 0 . 0 3 7 2
1 2 . 7 5 0 - 0 . 0 5 4 4
1 3 . 0 0 0 - 0 . 0 8 4 4
1 3 . 2 5 0 - 0 . 1 1 6 7
1 3 . 5 0 0 - 0 .  12 69
1 3 . 7 5 0 - 0 . 0 9 0 5
1 4 . 0 0 0 - 0 . 0 3 0 6
1 4 . 2 5 0 - 0 . 0 0  34
14 . 5 0 0 - 0 . 0 0 5 2
1 4 .  750 - 0 . 0 0 6 9
15 . 0 0 0 - 0 . 0 0 6 4
1 5 . 2 5 0 - 0 . 0 0 4  7
1 5 . 5 0 0 - 0 . 0 0 2 8
1 5 . 7 5 0 - 0 . 0 0 1 6
1 6 . 0 0 0 - 0 . U C 0 9
1 6 . 2 5 0 - 0 . 0 0 0 5
1 6 . 5 0 0 - 0 . 0 0 0 3
1 6 . 7 5 0 - 0 . 0 0 0 2
1 7 . 0 0 0 - 0 . 0 0 0 2
1 7 . 2 5 0 - 0 . 0 0 0 1
1 7 . 5 0 0 0 . 0 0 0 0
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S .S . FLUXfKG.SSCC.)
IX ) - 0 . 1 2 6 9  - 0 . 1 0 3 “  - 0 . 0 0 0 9  - 0 . 0 5 7 9  - 0 . 0 3 6 9  - 0 . 0 1 1 9  0 . 0 1 1 0  0 .0 3 6 0 ^  0 .0 3 7 0 ^  0 * 0 1 0 0 ^  ^ 0 .1 0 3 0 ^
5 . 6 2 5 0
6 . 2 5 0 0
6 . 0 7 5 0
7 .5 0 0 0
0 .1 2 5 0
0 .7 5 0 0
10.0000
1 0 .6 2 5 0
1 1 .2 5 0 0
1 3 .1 2 5 0
1 5 .0 0 0 0
1 6 .2 5 0 0
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l . f  • I 1 2 / U / 7 2  
Hl'URS AVERAGE SPEED IN C N . / S E C .U ) AVERAGE CONC. IN  N G . / I . I O
IX ) - 4 9 . 9 9 9 9  - 3 9 . 9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 . 0 0 0 0  5 0 .0 0 0 0
•  •    ..
(♦)
5 .0 0 0 0
0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 . 0 0 0 0  5 0 .0 0 0 0  6 0 . 0 0 0 0  7 0 .0 0 0 0  5 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0
C O N C
CONC
196
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
197
RUN 9 
1 2 /2 0 /7 2
Wind 5 -1 0  mph WSW, p a r t l y  c lo u d y
Mean a i r  te m p .........................................................  15 °C
Mean w a te r  te m p ....................................................  6°C
T id a l  r a n g e   1 .8 8  m
Mean w a te r  l e v e l .................................................. 0 .6 0  m
D u r a t io n  o f  r u n :  1 .2  to  1 4 .2  h r s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . F . l  1 2 / 2 0 / 7 2  D I S C H A K G E ( C U . M . / S E C . )
INTEGRATED VALUES 
FL0C:n= A l ' j K o . 3 1 2 5  
F B B = - 4 A 9 6 2 . 4  8AA
RESIDUAL= - 2 9 7 6 . 1 7 2 3  PGA = 6 . 8 4
T S i =  1 e 20  T S? =  8 . 3 0  T S 3 = 1 4 . 2 0
INTERPOLATIVC VALUES
T I M E ( H R S ) D I S C H A R G E t C U . M . / S E C . )
1 . 0 0 0 0 . 0 0 0 0
1 . 2 5 0 - 0 . 0 0 0  7
1 . 5 0 0 - 0 . 0 0 3 9
1 . 7 5 0 - 0 . 0 0 A 9
2 . 0 0 0 - 0 . 0 0 1 7
2 . 2 5 0 0 . 0 0 7 A
2 . 5 0 0 0 . 0 2 A A
2 . 7 5 0 0 . 0 5 1 2
3 . 0 0 0 0 . 0 8 9 5
3 . 2 5 0 0 .  1A1A
3 . 5 0 0 0 . 2 0 8 7
3 . 7 5 0 0 . 2 8 8 9
A . 0 0 0 0 . 3 6 3 1
A . 2 50 0 . A 1 2 1
A . 500 0 . A352
A . 7 5 0 0 . A791
5 . 0 0 0 0 . 7 6 5 3
5 . 2 5 0 1 . A7A2
5 . 5 0 0 2 .  AA83
5 .  750 3 . A 66 3
6 . 0 0 0 A . A 0 7 5
6 . 2 5 0 5 .  1 3 8 6
6 . 5 0 0 5 . A A 2 2
6 . 7 3 0 5 . 1 6 0 3
7 . 0 0 0 A.A7A9
7 . 2 5 0 3 . 6  560
7 . 5 0 0 2 . 9 8 6 9
7 . 7 5 0 2 . 5 7 7 A
8 . 0 0 0 1 . 8 3 2 1
8 . 2 5 0 0 . 3 2 1 8
8 . 5 0 0 - 1 . 1 3 7 5
8 . 7 5 0 - 2 . 3 1 7 1
9 . 0 0 0 - 3 . 3 7 1 1
9 . 2 5 0 - A . 3 7 9 5
9 . 5 0 0 - 5 .  15 8 9
9 . 7 5 0 - 5 . 5 5 6 1
1 0 . 0 0 0 - 5 . 8 0 3 A
1 0 . 2  50 - 6 . 0 A 1 A
1 0 . 5 0 0 -  5 . 6 6 0 A
1 0 . 7  50 - A .  18 11
1 1 . 0 0 0 - 2 . 3 9 8 9
1 1 . 2 5 0 - 1 . 2 0 A 2
11 . 5 0 0 - 0 .  5 9 5 8
1 1 . 7 5 0 - 0 . 3 5 9 5
1 2 . 0 0 0 - 0 . 3 2 4  3
1 2 . 2 5 0 - 0 . 3A50
1 2 . 5 0 0 - 0 . 3  396
1 2 . 7 5 0 - 0 . 2 6 6 3
1 3 . 0 0 0 - 0 . 182A
1 3 . 2 5 0 - 0 . 129A
1 3 . 5 0 0 - 0 . 0 9 6 3
1 3 . 7 5 0 - 0 . 0 6 8 6
1A . 0 0 0 - 0 . 0 3 2 2
i a  o t n - —n . n o n n
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HUU«S t .F . l  i 2 / 2 0 / 7 2  uiSCHA4GCICU» M./SEC.)
( X) - 5 . 9 9 9 9  - 4 .B 9 9 9  - J .  f9 9 9  - 2 . 6 9 9 9  - 1 . 5 9 9 9  - 0 . 4 9 9 9  0 .6 0 0 0  1 .7 0 0 0  2 .6 0 0 0  4 .9 0 0 0  5 .0 0 0 0          .1.0000
6 .0 0 0 0
11 .0U 0U
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L . F . l  1 2 / 2 0 / 7 2
HOURS AVERAGE S P E E D (C M ./S E C .I
(X ) . 4 9 . 9 9 9 9  - 3 9 . 9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  < .0 .0 0 0 0  5 0 .0 0 0 0
I . 0000
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RUN 10 
1 /2 4 /7 3
Wind 5 -1 0  mph NNW, c l e a r  sky
Mean a i r  tem p ........................................................  7°C
Mean w a te r  tem p .................................................... 7°C
T id a l  r a n g e .............................................................  1 .0 0  m
Mean w a te r  l e v e l .................................................  0 .4 4  m
D u ra t io n  o f  ru n :  6 .4  t o  1 7 .7  h r s .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
DISCHARGE ( C U . M . / S E C . )
■ i-
PGA®.;.:: n .9 9 :  
TS 1 = 6 . 4 0  TS 2= 11 • 80 T S 3 = 1 7 . 7 0
INTFRPOLATIVE VALUES
TIME(URS)  DISCHARGE ( C U . M . / S E C . )
6 . 2 5 u 0 . 0 0 0 0
6 . 3 0 0 0 . 0 2 7 6
6 . 7 5 0 0 . 0 9  50
7 . 0 0 0 0 . 1 5 6 8
7 . 2 5 0 0 . 2 0 8 7
7 . 5 0 0 0 . 2 4 7 0
7 . 7 5 0 0 . 2 7 4 0
8 . 0 0 0 0 . 3 0 0 0
8 . 2 5 0 0 . 3 3 0 0
8 .  5 00 0 . 3 4  59
8 . 7 5 0 0 . 3 3 3 1
9 . 0 0 0 0 . 3 1 6 7
9 . 2 5 0 0 . 3 1 9 1
9 . 5 0 0 0 . 3 1 3 2
9 .  750 0 . 2 8 2 1
1 0 . 0 0 0 0 .  3 0 0 6
1 0 . 2 5 0 0 . 4  JO2
1 0 . 5 0 0 0 . 5 9 0 5
1 0 . f 50 0 . 6 7 6 9
1 1 . 0 0 0 0 . 6 3 2 7
1 1 . 2 5 0 0 . 4 4 4 0
1 1 . 5 0 0 0 . 2 2 2 9
1 1 . 7 5 0 0 . 0 4  51
1 2 . 0 0 0 - 0 . 2 4 4 9
1 2 . 2 5 0 - 0 . 5 9 5 3
1 2 . 5 0 0 - 0 . 8 3 0 1
1 2 . 7 5 0 - 0 . 8 3 8 3
1 3 . 0 0 0 - 0 .  7 7 0 3
1 3 . 2 5 0 - 0 .  7 787
1 3 . 5 0 0 - 0 . 7 6 4 4
1 3 . 7 5 0 - 0 . 6 1 6 1
1 4 . 0 0 0 - 0 . 4 2 6 5
1 4 . 2 5 0 - 0 . 3 1 0 9
1 4 . 5 0 0 - 0 . 2 7 4 2
1 4 . 7 5 0 - 0 . 2 8 7 2
1 5 . 0 0 0 - 0 . 2 9 3 9
1 5 . 2 5 0 - 0 . 2  5 26
1 5 . 5 0 0 - 0 .  1 3 9 5
1 5 . 7 5 0 - 0 . 0 5 7 7
1 6 . 0 0 0 - 0 . 0 6 4  5
1 6 . 2 5 0 - 0 . 0 9 4 3
1 6 . 5 0 0 - 0 . 0 7 7 1
1 6 . 7 5 0 - 0 . 0 3 0 9
1 7 . 0 0 0 - 0 . 0 0 6 6
1 7 . 2 5 0 - 0 . 0 0 5 1
1 7 . 5 0 0 - 0 . 0 0 5 2
1 7 . 7 5 0 0 . 0 0 0 0
L . F . l  1 / 2 4 / 7 3  
IUTFGRAfbD VALUES 
F L C) C D = 6 2 0 0 . 8  9 45
EbB = - 6  9 9 1 . 8 4 3 7
RcSI  DU AL = - 7 9 0 . 9 4 9 3
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L .F . l  1 /2 4 /7 3
HOURS DISCHARGE IC U .M ./S E C .I
(X ) - 0 . 6 3 9 9  - 0 . 6 8 9 9  - 0 . 3 3 9 9  - 0 . 3 6 9 9  - 0 . 2 3 9 9  - 0 . 0 0 9 9  0 .0 6 0 0  0 . 2 1 0 0  0 .3 6 0 0  0 .5 1 0 0  0 .6 6 0 0
6 .2 5 0 0
7 .5 0 0 0
8 .1 2 5 0
6 .7 5 0 0
9 .3 7 5 0
1 0 .0 0 0 0
1 0 .6 2 5 0
1 1 .2 5 0 0
1 1 .8 7 5 0
1 2 .5 0 0 0
1 3 .1 2 5 0
1 3 .7 5 0 0
1 5 .0 0 0 0
1 5 .6 2 5 0
1 6 .2 5 0 0
1 6 .6 7 5 0
1 7 .5 0 0 0
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L . F . l  1 / 2 4 / 7 3  S . S .  FLUX( KG. / S F C . )
INTEGRATED VALUES 
FLOCD= 1 0 0 . 7 2 5 4
E8B= - 6 2 . 1 4 1 6
RESIDUAL= 3 6 . 5 8 6 7  PGA= 4 7 . 3 8
TS1= 6 . 4 0  T S 2 = 1 1  • 80 T S 3 = 1 7 . 7 0
INTERPOLATIVE VALUES
K E t h R S ) S . S .  FLUX( KG. / S E C . )
6 . 2 6 0 O.UCOU
6 . 5 0 0 0 . 0 0 0 5
6 . 7 5 0 0 . 0 0 1 7
7 . 0 0 0 0 . 0 0 2 3
7 . 2 5 0 0 . 0 0 3 5
7 . 5 0 0 0 . 0 0 3 9
7 . 7 5 0 0 . 0 0 4 1
8 . 0 0 0 0 . 0 0 4 8
8 . 2 5 0 0 . 0 0 6 3
8 . 5 0 0 0 . 0 0 7 1
8 . 7 5 0 0 . 0 C 6 3
9 . 0 0 0 0 . 0 0 4 9
9 . 2 5 0 0 . 0 0 4 3
9 . 5 0 0 0 . 0 0 4 4
9 . 7 5 0 0 . 0 0 4  5
1 0 . 0 0 0 0 . 0 0 5 4
1 0 . 2 5 0 0 . 0 0  7 7
1 0 . 5 0 0 0 . 0  102
1 0 . 7 5 0 0 . 0 1 1 1
1 1 . 0 0 0 0 . 0 0 9 6
1 1 . 2 5 0 0 . 0 0 5 6
1 1 . 5 0 0 0 . 0 0 1 8
1 1 . 7 5 0 0 . 0 0 . 0 3
1 2 . 0 0 0 - 0 . 0 0 2 1
1 2 . 2 5 0 - 0 . 0 0 5 5
1 2 . 5 0 0 - 0 . 0 0 7 7
1 2 . 7 5 0 - 0 . 0 0 7 5
1 3 . 0 0 0 - 0 . 0 0 6 4
1 3 . 2 5 0 - 0 . 0 0 6 4
1 3 . 5 0 0 - 0 . 0 0 6 3
1 3 . 7 5 0 - 0 . 0 0 5 0
1 4 . 0 0 0 - 0 . 0 0 3 3
14 . 2 5 0 - 0 . 0 0 2 4
1 4 . 3 0 0 - 0 . 0 0 2 3
1 4 . 7 5 0 - 0 . 0 0 2 6
1 5 . 0 0 0 - 0 . 0 0 2 8
1 5 . 2 5 0 - 0 . 0 0 2 5
16 . 500 - 0 . 0 0 1 3
1 5 . 7 5 0 - 0 . 0 0 0 7
1 6 . 0 0 0 - 0 . 0 0 0 9
1 6 . 2 5 0 - O . O C 1 2
1 6 . 5 0 0 - 0 . 0 0 0 0
1 6 . 7 5 0 - 0 . 0 0 0 2
1 7 . 0 0 0 0 . 0 0 0 0
1 7 . 2 5 0 0 . 0 0 0 0
1 7 . 5 0 0 - 0 . 0 0 0 0
1 7 . 7 5 0 0 . 0 0 0 0
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L .F . l  1 /2 4 /7 3
HOURS S . S .  F L U X tK G ./S E C .I
(X ) - 0 . 0 0 7 9  - 0 . 0 0 5 9  - 0 . 0 0 3 9  - 0 . 0 0 1 9  0 .0 0 0 0  0 .0 0 2 0  0 .0 0 4 0  0 .0 0 6 0  0 .0 0 0 0  0 .0 1 0 0  0 .0 1 2 0
        •
6 .8 7 5 0
7 .5 0 0 0
8 .1 2 5 0
6 .7 5 0 0
10.0000
1 1 .2 5 0 0
1 3 .7 5 0 0
1 6 .8 7 5 0
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l . f . l  1 / 2 W 7 1
h lU « 5  AVERAGF SMEEC IN C H ./S E C .I X )  AVERAGE CCNC. IN H 6 . / L . I O
(X I - * 9 . 9 9 9 9  - 3 9 . 9 9 9 9  - 2 9 . 9 9 9 9  > 1 9 .9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  * 0 .0 0 0 0  iw .0 0 0 0
< «) 0 .0 0 0 0  1 0 .0 0 0 0  2C.OOOO 3 0 .0 0 0 0  AO.OOCO 5 0 .0 0 0 0  6 0 .0 0 0 0  7 0 .0 0 0 0  8 0 .0 0 0 0  9 0 .0 0 0 0  1 0 0 .0 0 0 0
a . . * . . . . * . . . . * . . . . * . . . . * . . . . * . a
6 .2 5 0 0  • •
CONC.
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RUN 11
3 /1 9 /7 3
W ind 1 0 -1 5  mph NNW, g u s t s ,  c lo u d y
Mean a i r  te m p .........................................................  8°C
Mean w a te r  tem p ....................................................  7°C
T i d a l  r a n g e ..............................................................  1 .5 4  m
Mean w a te r  l e v e l   0 .5 3  m
D u r a t io n  o f  r u n :  1 4 .0  t o  2 6 .5  h r s .
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L . F . l  3 / 1 9 / 7 3  C I S C H A R G E ( C U . M . / S E C . )
INTEGRATED VALUES 
F LOGD= 26?. 7 4 . 9 3 3 6
E BB= —2 8 4 0 4 . 6 0 9 4
RES IDUAL= - 2 1 2 9 . 6 7 6 2  PGA= 7 . 7 8
TS1 = 1 4 . 0 0  TS2 = 2 1 . 0 0  TS3 = 2 6 . 5 0
INTERPOLATIVE VALUES
TIME(HRS)  D I S C H A R G E ( C U . M . / S E C . )
1 4 . 0 0 0 0 . 0 0 0 0
1 4 . 2 5 0 - 0 . 0 1 4 5
1 4 . 5 0 0 - 0 . 0 2 6 4
1 4 . 7  50 - 0 . 0 3 3 2
1 5 . 0 0 0 - 0 . 0 3 2 2
1 5 . 2 5 0 - 0 . 0 2 0 8
1 5 . 5 0 0 0 . 0 0 3 5
1 5 . 7 5 0 0 . 0 4 3 4
1 6 . 0 0 0 0 . 1 0 1 6
1 6 . 2 5 0 0 .  1804
1 6 . 5 0 0 0 . 2 7 1 7
1 6 . 7 5 0 0 . 3 4 3 5
1 7 . 0 0 0 0 . 3 6 8 3
1 7 . 2 5 0 0 . 3 7 5 4
1 7 . 5 0 0 0 . 4 1 4 9
1 7 . 7 5 0 0 . 4 9 9 9
I P .  0 0 0 0 . 6 2 7 L
1 8 . 2 5 0 0 . 8 1 2 8
1 8 . 5 0 0 1 . 0 9 8 0
1 8 . 7 5 0 1 . 5 2 2 8
1 9 . 0 0 0 2 . 1 1 6 5
1 9 . 2 5 0 2 . 8 9 0 2
1 9 . 5 0 0 3 . 6 1 7 7
1 9 . 7 5 0 3 . 9 1 0 8
2 0 . 0 0 0 3 . 6 7 6 3
2 0 . 2 5 0 3 . 0 5 1 5
2 0 . 5 0 0 2 . 1 7 3 2
2 0 . 7 5 0 1 . 1 2 9 7
2 1 . 0 0 0 0 . 0 0 0 0
2 1 . 2 5 0 - 0 . 9 2 1 1
2 1 . 5 0 0 - 1 . 7 8 6 4
2 1 . 7 5 0 - 2 . 9 4 1 3
22 . 0 0 0 - 4 . 2 1 5 2
2 2 . 2 5 0 - 5 . 0 4 1 0
2 2 . 5 0 0 - 5 . 0 4 9 7
2 2 . 7 5 0 - 4 . 3 3 6 8
2 3 . 0 0 0 —3 . 0 6 6 9
2 3 . 2 5 0 - 1 . 6 7 9 3
2 3 . 5 0 0 - 0 . 5 8 0 5
2 3 . 7 5 0 - 0 . 1 2 5 4
2 4 . 0 0 0 - 0 . 1 2 1 5
2 4 . 2 5 0 - 0 . 2 4 4 7
2 4 . 5 0 0 - 0 . 2 8 0 6
2 4 . 7 5 0 - 0 . 2 5 9  7
25 . 0 0 0 - 0 . 2 2 7 9
2 5 . 2 5 0 - 0 . 1 9 1 9
2 5 . 5 0 0 - 0 . 1 5 3 3
2 5 . 7 5 0 - 0 . 1 1 3 6
26  . 0 0 0 - 0 . 0 7 4 3
2 6 . 2 5 0 - 0 . 0 3 6 9
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HOURS L . F . l  3 /1 9 /7 3  O ISC H A R O E IC U .W ./SE C .I
IX) -9*0499 -4.1499 -3.2499 -2*3499 -1.4499 -0.9499 0.3900 1.2900 2.1900 3.0900 3.9900
19.2900
19.0790
16.9000
17.7900
18.3790
1 9 .0 0 0 0
20.2900
20.0790
21.9000
22.1250
22.7500
25.0750
26.5000
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L . F . l  3 / 1 9 / 7 3  S . S .  FLUX( KG. / S PC . )
INTEGRA TEL VALUFS
F L C C C •= 3 0 5 3 . 6 9 5 8
CBF = - 1 6 1 7 . 2 5 0 7
R L S 1 0 UA L =  1 4 3 6 . 4 4 5 0  PGA= 6 1 . 5 0
T S 1 = 1 4 . 0 0  T S ? = 2 1 • 00  T S 3 = 2 6 . 5 0
I i NTERPCLAT I V F  VALUES  
T I  F F ( H R S ) S . S .  F L U X ( K G . / S E C . )
1 4 . 0 0 0 O.OCCC
1 4 . 2 5 0 0 . C C 0 2
14 ,!50u 0 . 0 C 0 6
14 . 7 5 0 O . C C 11
15 . 0 0 0 0 . CC2C
1 5 . 2 5 0 0 . C C 3 2
1 5 . 5 0 0 0 . C C 4 9
1 5 . 7  50 0 . C C 7 2
1 6 . COO 0 . 0 1 0 1
1 6 . 2 5 0 0 . 0  13b
16 . 5 0 0 O.C 178
1 6 .  750 0 . C 2 0 2
1 7 . 0 0 0 C . C 1 9 6
17 . 2 5 0 0 . 0 1 7 3
1 7 . 5 0 0 0 . 0  16 1
17 . 7 5 0 O.C 174
l b . 0 0 0 C . C 2 2 1
18 . 2  50 0 . 0 3 C 5
1 8 . 5 0 0 0 . 0 4 2 4
1 0 . 7  50 0 . 0 6 9 3
1 9 . 0 0 0 0 . 1 7 1 4
19 . 2 5 0 0 . 4 C 9 4
1 9 . 5 0 0 0 . 6 7 2 2
1 9 . 7 5 0 0 . 7 3 0 3
2 0 . 0 0 0 0 . 5 6 7 0
2 0 . 2 5 0 0 . 3  2 74
2 0 . 5 0 0 0 . 1 4 7 5
20 . 7 5 0 0 . 0 4 8 C
2 1 . 0 0 0 O.OCOC
21 . 2 5 0 0 .OCOC
21 . 5 0 0 - 0 . 0 1 7 3
21 . 7 5 0 - 0 . 1 3 9 0
22 . 0 0 0 - 0 . 3 2 3 5
2 2 . 2 5 0 - 0 . 4 3 C 7
22 . 5 0 0 - 0 .  3 c 49
2 2 . 7 5 0 - 0 . 2 5 9 6
2.3 . 0 0 0 - C . 1 4 1 2
23 . 2 5 0 - 0 . 0 5 7 9
2 3 . 9 0 0 - 0 . 0  123
23 . 7 5 0 - 0 . 0 0  10
24 . 0 0 0 — 0 • C o 1 9
24 . 2  50 -C . 0 0  35
2 4 . 5 0 0 - 0 . C 0 4 6
2 4 . 7 5 0 - 0 . 0 0 4 2
25 . 0 0 0 - 0 . 0 0  36
2 5 . 2 5 0 - 0 . 0 C 3 C
2 5 . 5 0 0 - 0 . 0 0 2 4
2 5 . 7 5 0 - O . C C 18
26 . 0 0 0 - 0 . 0 0 1 2
26 . 2 5 0 - 0 . C C 0 6
2 6 . 5 0 0 0 . 0 0 0 0
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L .F .I  3 /1 9 /7 3
HOURS S . s .  f l u x ik g . / s e c . i
U l  - 0 * 4 2 9 9  - 0 * 3 0 9 9  0 .1 8 9 9  - 0 . 0 6 9 9  0 * 0 5 0 0  0 .1 7 0 0  0 * 2 9 0 0  0 * 4 1 0 0  0 .5 3 0 0  0 .6 5 0 0  0 .7 7 0 0
1 4 .0 0 0 0
1 5 * 2 5 0 0
1 6 * 5 0 0 0
1 7 .1 2 3 0
1 7 .7 5 0 0
1 8 .3 7 5 0
1 9 .0 0 0 0
1 9 .6 2 5 0
2 0 .2 5 0 0
2 0 .8 7 5 0
2 1 .5 0 0 0
2 5 * 2 5 0 0
211
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
L . M  1 / 1 9 / 7 1
t-C u es a v f « a C F  SPCEC tN C * . / S E C . ( l )  a v e r a g e  CCNC. IN P C . / l . I M
(X ) - 4 9 . 9 9 9 9  -  J 9 .  9 9 9 9  - 2 9 . 9 9 9 9  - 1 9 . 9 9 9 9  - 9 . 9 9 9 9  0 .0 0 0 0  1 0 .0 0 0 0  2 0 .0 0 0 0  3 0 .0 0 0 0  4 0 . 0 0 0 0  9 0 .0 0 0 0
<♦)
1 4 . 0 0 0 0
UO00 2C.COOO 4C.OOOO £ 0 . 0 0 0 0  6 0 . 0 0 0 0  1 0 0 .0 0 0 0  1 2 0 .0 0 0 0  1 4 0 .0 0 0 0  1 6 0 .0 0 0 0  1 6 0 .0 0 0 0  2 0 0 .0 0 0 0
CONC.
CONC
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COMPUTER PROGRAMS
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PROGRAM INTEFIT
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PROGRAM INTEFIT
I .  DESCRIPTION
P rogram  INTEFIT i s  a  g e n e r a l  p u rp o se  p rog ram  f o r  
c o m p u ta tio n  o f  t i d a l  t r a n s p o r t  in  open c h a n n e l  sy s te m s  in  
w h ich  s l a c k  w a te r s  o c c u r  a t  o r  n e a r  th e  e x tre m e s  o f  t i d a l  
s t a g e .  The in p u t  d a t a  c o n s i s t  o f  a  t im e  v a r i a b l e  and a 
r a t e  v a r i a b l e ,  t h e  l a t t e r  b e in g  an  a p p ro x im a tio n  o f  th e  f l u x  
o f  m a t e r i a l  p a s t  a  c h a n n e l  c r o s s - s e c t i o n  a t  th e  t im e  s t a t e d .  
T im es a r e  e x p re s s e d  a s  h o u r s ,  t e n t h s ,  and h u n d r e d th s ,  0 .0 0  
t o  2 3 .9 9  h o u rs  i n  one d a y , e x c e p t  t h a t  m easu rem en ts  c o v e r in g  
p a r t s  o f  two d ay s  m u st u s e  c o n s e c u t iv e  h o u r s ;  e . g . ,  a  s e r i e s  
s t a r t i n g  8  p .m .,  5 /1 6 /7 2 ,  and e n d in g  8  a .m . ,  5 /1 7 /7 2 ,  w ould  
be  w r i t t e n  5 /1 6 /7 2 :  2 0 .0 0 -3 2 .0 0  h o u r s .  R a te s  may b e  e i t h e r  
m ass o r  volum e t r a n s p o r t  p e r  u n i t  t im e ;  e . g . ,  k g / s e c ,  e t c .  
G r a p h ic a l ly ,  f lo o d  r a t e s  a r e  ta k e n  a s  p o s i t i v e ,  ebb r a t e s  
a s  n e g a t iv e  o r d i n a t e  v a l u e s ,  w h i le  c o r r e s p o n d in g  t im e s  a r e  
ta k e n  a s  th e  a b s c i s s a  v a lu e s .
G iven  a  s e t  o f  r a t e  v a lu e s  w i th  c o r r e s p o n d in g  tim e  
v a lu e s ,  p rog ram  INTEFIT u t i l i z e s  th e  s p l i n e  f i t  m ethod to
( 1 ) f i t  a  sm ooth c u rv e  to  t h e  d a t a  p o i n t s ,  (2 ) n u m e r ic a l ly  
i n t e g r a t e  th e  a r e a  u n d e r  th e  c u rv e ,  and (3 ) i n t e r p o l a t e  
b e tw een  g iv e n  d a t a  p o i n t s  a t  r e g u l a r l y  sp a c e d  i n t e r v a l s  o f  
tim e  (0 .2 5  h o u r ) .  The i n t e g r a t e d  v a lu e s  r e p r e s e n t  t o t a l
215
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I I I .  INSTRUCTIONS FOR USE
A. P ro g ram  INTEFIT i s  d e s ig n e d  to  p r o c e s s  a  s e t  o f  
m easu rem en ts  ta k e n  o v e r  a  c o m p le te  t i d a l  c y c le  
from  low  w a te r  s l a c k  t o  low  w a te r  s l a c k .  
T h e r e f o r e ,  t h e  f i r s t  and  l a s t  d a t a  c a rd s  m u st 
c o n ta in  low  w a te r  t im e  v a lu e s  (a p p ro x im a te )  and 
z e ro  r a t e  v a l u e s .  The tim e  o f  h ig h  w a te r  s l a c k  
sh o u ld  be c a r e f u l l y  d e te rm in e d  and  e n te r e d  w i th  
z e ro  r a t e  v a lu e  a t  t h e  a p p r o p r i a t e  i n te r m e d ia te  
p o s i t i o n  in  th e  d a t a  d e c k .
B. The p rog ram  d eck  may be fo llo w e d  by any  num ber 
o f  d a t a  d e c k s , e ac h  b e g in n in g  w ith  a  t i t l e  c a r d .  
The co m p u ter w i l l  c o n t in u e  p r o c e s s in g  d a t a  s e t s  
a u to m a t i c a l l y  u n t i l  a  b la n k  c a rd  i s  e n c o u n te re d  
i n  l i e u  o f  a  t i t l e  c a rd  a t  w h ich  p o i n t  th e  
p ro g ram  te r m in a t e s .
IV . OUTPUT
A. I n t e g r a t e d  v a lu e s
1 . T o ta l  t r a n s p o r t  f o r  f l o o d ,  ebb p h a se s
2 . F lo o d -e b b  r e s i d u a l  t r a n s p o r t
3 . PGA, r e s i d u a l  e x p re s s e d  a s  a  p e rc e n ta g e  o f  
t h e  g ro s s  a v e ra g e  f o r  f lo o d  and  ebb t r a n s p o r t s
B. T im es o f  s l a c k  w a te r
1 . TS1= t im e  o f  f i r s t  s l a c k  (low )
2 . TS2= tim e  o f  se co n d  s l a c k  (h ig h )
3 . TS3= t im e  o f  t h i r d  s l a c k  (low )
C. I n t e r p o l a t i v e  v a lu e s
1 . L i s t i n g  o f  t im e s  and r a t e s  i n t e r p o l a t e d  a t
0 .2 5  h o u r  i n t e r v a l s
2 . G ra p h ic  p l o t  o f  i n t e r p o l a t i v e  v a lu e s
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* * * * * * * * *  V . I . M . S .  COMPUTER CENTER * * * * * * * * *
C PROGRAM I NTEFI T
C GENERAL PURPOSE PROGRAM FOR CURVE F I T T I N G ,  INTERPOLATION,  AND 
C INTEGRATION USING SPLI NE F I T  SUBROUTINES SPLIC AND SPLIN 
C ABSCISSA VALUES ARE TIMES IN HOURS,  TF. ' JTHS,HUNDREDTHS 
C ORDINATE VALUES ARE RATES( CU. M. / S E C . , KG. / SEC. , M. / SEC. , ETC. )
C J . D. BOON, VIMS,  19 7 2
DIMENSION X( ) , Y (  ) , Q (  ) , C ( 4 ,  ) , X I N ( 5 6 ) , Y I N ( 5 6 )
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C READ TI TLE CARDS
q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
60  RE AD( 2 » 1 ) N C , T I , T L E , S O , F O R , T H
1 FORMAT( 1 3 , 5A4)
READ( 2 , 1 2 )  0 R , D I , X A , T E , A X , X S , T S 2 , I  SHF
12 FGkMaT ( 6 A 4 , F 4 . 2 , 2 X , 12)
I F ( N C ) 7 5 » 7 5 » 7 6
0 * * * * * * * * * * * * * * * * * * * *  *
C READ DATA CARDS 
0 * * * * * * * * * * * * * * * * * * * * *
76 DO 13 I = 1» NC
R E AD( 2 , 2  ) X( I ) , Y(  I ) , ISN
2 FORMAT( F 4 . 2 , F 5 . 4 ,  13)
Y( I ) = I S N * Y (  I ) * 1 0 . 0 * * I SHF
13 CONTINUE 
NF=NC-1 
N E = N C + 1
X ( N E ) = X ( N C )
Y { N E ) = Y ( N C )
X ( N C ) = ( X ( N E ) —X ( N F ) ) * 0 • 8 + X ( N F )
Y { N C ) = Y ( N F ) - ( Y ( N F ) - Y ( N E ) ) * 0 • 8  
NC=NC+1
0 * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C CALL SUBROUTINE SPLI C 
C COMPUTE AREA UNDER CURVE 
0 * * * * * * * *  * * * * * * * * * * * * * * * * * * *  *
CALL S P L I C ( X , Y , N C , C )
C P = 0 . 0  
QN= 0 . 0  
NP= NC- 1 
DO 3 1 = 1 , NP
XI = X ( I  + 1 ) —X( I )
X2=X1* X1 
X4=X2*X2
Q ( I ) = 0 . 2 5 * X 4 * ( C ( 1,  I ) + C ( 2 ,  I ) ) + 0 . 5 * X 2 * ( C ( 3 ,  I ) + C ( 4 , 1 ) )
I F ( U( I ) ) L 5 , 6 , 6  
15 QN=ON+Q( I )
GO TO 3 
6 QP=QP + 0 ( I )
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3 CONTINUE 
Q P = C P * 3 6 0 0 .
QN=QN*3600 .
QR=GP+ON
P GA= ( GR/ ( QP- t ) N)  ) * 2 0 0 .
PGA=ABS( PGA) 
q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C PRINT T I T L E ,  INTEGRATED VALUES 
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
WRI TE( 5 , 5 )  T I , T L E , S O , F O R , T H , O R , U I , XA, TE, AX, XS 
5 F O R M A T ( / / / / / / / / / / I X , 5 A 4 , 3 X , 6 A 4 )
WRITE ( 5 ,  A) GP, ON, L ' R, PGA, X(  I ) , T S 2 , X ( M C ) , 0 R , D I  , XA, T E, AX, XS
4 FORMAT( I X , • INTEGRATED VALUES 1 , / IX , » FLOOD= • , F 1 4 . 4 , / I X, • EBB= ' , F 1 6 «  
1 4 , / I X ,  ' RESI DUAL3 ' , F 1 1 . 4 , 3 X , ' P G A =  ' , F 6 . 2 , / / 1 X , ' T S I = ' , F 5 . 2 , 1 X , ' T S 2 =  
2 '  » F 5 . 2 » 1 X , , T S 3 = ' » F 5 . 2 » / / 1 X , ' INTERPOLATIVE VAL UE S ' , / 1 X , • TI ME( HRS) •  , 
3 2 X , 6 A 4 )
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C CALL SUBROUTINE SPLI N
C COMPUTE I NT ERPOLA FIVE VALUES AT 0 . 2 5 - H R .  INTERVALS
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NUR = X ( 1 )
X FI I N= FLO AT (NCR)
17 I F ( X F I M - X ( I ) + 0 . 2 5 ) 9 , 9 , 1 0  
9 XMIN=XMIN + 0 • 2 5  
GO TO 17
10 X I N ( 1 ) = X M IN 
NOR=X( NC)
XKAX=FLOAT(NOR)
8 I F ( X F A X - X ( NC) + 0 . 2 5 ) 1 9 , 2 0 , 2 0
19 XMAX=XMAX+0.25 
GO TO 8
20 XMAX=XMAX+0.25
J T = ( XMAX-XIN( 1 ) ) / 0 . 2 5 - 0 . 9  
JE = JT + 2 
X1 N ( J E ) =X MAX 
DO 7 1 = 1 , JT 
X I N (1 + 1 ) = XIN(  I ) + 0 • 2 5  
7 CONTINUE
DO I t  1 = 1 , JE 
X I T = X I N ( I )
CALL S P L I N ( X , Y , N C , C , X I T , Y I T )
Y I N ( I ) = YIT
11 CONTINUE
C * * * * * * * *  *  *  *  * * * * * * * * * * * * * * * *  *  * * * * * * * * * * * * * * * * * * * * * * * *  *  *  *
C PRINT INTERPOLATIVE VALUES,  PLOT INIFRPOL ATIVE VALUES 
£ * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * *
WR I T E ( 5 ,  16)  ( X I N{ I ) , Y I N ( I ) ,  1 = 1 , J E )
16 F O R M A T ( 3 X , F 6 . 3 , 4 X , F 1 0 . 4 )
W K I T E ( 5 , 1 4 )  O R , D I , X A , T E , A X , X S  
14 F O R M A T ( / / / / / / / / / / I X , • HOURS• , 4 0 X , 6A4)
CALL PLOT 2 ( J E , Y I N , Y I N , X I N , 0 . 0 , 0 . 0 , 0 . 0 , 0 . 0 , XMIN, 0 . 1 2  5)
C
c
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C ENTER NEXT DATA SET,  PUSH START 
C OR ENTER BLANK CARD, PUSH START,  TO EXIT
GO TO 60  
7 5  CALL EXIT 
END
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SUBROUTINES SPLIC AND SPLIN
F o r:
(1 )  C urve f i t t i n g  th ro u g h  p l o t t e d  p o in t s  by s p l i n e  
f i t  m ethod  (50  p o in t s  maximum)
(2 ) I n t e r p o l a t i o n  b e tw een  p l o t t e d  p o in t s
(3 )  I n t e g r a t i o n  o f  f i t t e d  c u rv e  t o  o b t a in  a r e a  
o v e r  s p e c i f i e d  a b s c i s s a  i n t e r v a l
I .  I n t r o d u c t io n
E n g in e e r s  o f t e n  d raw  a  sm ooth c u rv e  th ro u g h  a  
num ber o f  p l o t t e d  p o i n t s  u s in g  a  f l e x i b l e  d r a f t s m a n 's  
s p l i n e .  The e x p e r t  d o es  t h i s  in  su c h  a  way t h a t  n o t  
o n ly  th e  c u rv e  i t s e l f ,  b u t  t h e  s lo p e  and  c u r v a tu r e  
a r e  c o n tin u o u s  f u n c t i o n s .  I n t e r p o l a t i o n  i s  done by 
p ic k in g  o f f  p o in t s  from  th e  c u rv e  and i n t e g r a t i o n  i s  
a c c o m p lish e d  by  p la n im e te r in g  th e  a r e a  u n d e r  th e  
c u r v e .
A co m p u te r s u b r o u t in e  h a s  b een  w r i t t e n  w h ich  f i t s  
a  t h i r d - o r d e r  p o ly n o m ia l, Y= f ( X ) ,  to  p l o t t e d  p o in t s  
i n  su c h  a  way t h a t  th e  seco n d  d e r i v a t i v e ,  Y ", i . e . ,  
th e  c u r v a t u r e ,  v a r i e s  l i n e a r l y  from  p o i n t  t o  p o i n t .  
A f t e r  s p e c i f y in g  b o u n d a ry  c o n d i t io n s  a t  t h e  end 
p o i n t s ,  th e  c o e f f i c i e n t s  f o r  t h i s  p o ly n o m ia l a r e  
e x p re s s e d  a s  unknowns in  a  sy s te m  o f  s im u lta n e o u s  
e q u a t io n s  and a r e  o b ta in e d  in  a  u n iq u e  s o l u t i o n  
( r e f :  P e n n in g to n , 1 9 6 5 , p p . 4 0 4 -4 1 1 ) .
I I .  The s p l i n e  f i t
The e q u a t io n  o f  th e  f i t t e d  p o ly n o m ia l i s :  
C l ,k < * k H - x >S + C2 i k (X-Xk ) a +  C3 >k(Xf c f l -X)
+  C4 >k(X-Xk )
221
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w here
Y = d e s i r e d  o r d i n a t e  v a lu e
X = s e l e c t e d  a b s c i s s a  v a lu e  b e tw ee n  X^ and
X^ = k th  p l o t t e d  p o i n t
X j^ i  = k + l th  p l o t t e d  p o i n t
^  = 1 s t  c o e f f i c i e n t  f o r  k t h  p o i n t
C£ k  = 2 nd c o e f f i c i e n t  f o r  k t h  p o i n t
C3  k  = 3 rd  c o e f f i c i e n t  f o r  k t h  p o i n t
C4  k  = 4 th  c o e f f i c i e n t  f o r  k th  p o i n t
G iven  NC p l o t t e d  p o i n t s ,  n o t  n e c e s s a r i l y  e q u a l ly  
sp a c e d  b u t  i n  a s c e n d in g  o r d e r ,  s u b r o u t in e  SPLIC w i l l  
com pute  a l l  o f  t h e  c o e f f i c i e n t s  a s  an  a r r a y ,  C (I ,K )
1= 1 ,4  & K= 1,NC w here  N C ^50. S u b ro u t in e  SPLIN u s e s  
t h e s e  c o e f f i c i e n t s  to  com pute Y v a lu e s  v i a  th e  
p o ly n o m ia l e q u a t io n .
I l l . I n t e r p o l a t i o n
The f o l lo w in g  s t e p s  a r e  ta k e n  in  th e  m ain  p ro g ram :
(1 ) S to r e  p l o t t e d  p o i n t s  a s  s u b s c r i p t e d  v a r i a b l e s ,  
X (k) , Y ( k ) , k= 1,NC
(2 ) C a l l  SPLIC(X,Y,NC,C)
(3 ) D e f in e  XINT (X v a lu e  a t  p o i n t  o f  i n t e r p o l a t i o n )
(4 ) C a l l  SPLIN(X,Y,NC,C,XINT,YINT)
(5) Y v a lu e  o f  i n t e r p o l a t i o n  p o i n t  r e tu r n e d  a s  YINT
IV . I n t e g r a t i o n
S te p s  (1 ) and  (2 )  a r e  a c c o m p lish e d  a s  a b o v e , th e n  
th e  f o l lo w in g  s t a te m e n t s  a r e  in c o r p o r a te d :
QI= 0 . 0  
NN= NC-1 
DO 20 K=1,NN 
X l= x (K + l)-X (K )
X2= X l*X l 
X4= X2*X2
Q(K)= 0 .2 5 * X 4 * (C (1 ,K )+ C (2 ,K ))+ 0 .5 * X 2 * (C (3 ,K )
+ C (4 ,K ))
20 QI=QI+Q(K)
QI i s  th e n  th e  a r e a  f o r  th e  i n t e r v a l  X ( l )  to  X(NC)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
223
REFERENCE
P e n n in g to n ,  R. H . ,  1965 , I n t r o d u c to r y  c o m p u te r m ethods and 
n u m e r ic a l  a n a l y s i s :  M acm illan  C o ., N. Y . ,  452 p .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
* * * * * * * * *  V . I . M . S .  COMPUTER CENTER * * * * * * * * *
SUBROUTINE SPL I C ( X, Y, M, C )
DIMENSION X ( 1 ) , Y ( 1 ) * P ( 5 C ) * E ( 5 0 ) * B( 5 0 ) *  Z C 5 0 ) , 0 ( 5 0 )  
DIMENSION C ( 4  , 1 ) , A( 5 0 , 3 )
1 MIM = M-1
DO 2 K = I »MM 
D ( K ) = X ( K + 1 ) - X ( K )
P ( K ) = C ( K ) / 6 .
2 E ( K ) = ( Y ( K + 1 ) - Y ( K ) ) / D ( K )
DC 3 K = 2 »MM
3 B ( K ) = E ( K ) - E ( K - I )
A ( 1 , 2 ) = 0 . 0
A ( 1 , 3 ) = 0 . 0
A ( 2 , 3 ) = P ( 2 ) - P ( 1 ) * A ( 1* 2)
A ( 2 , 2 ) = 2 . * ( P ( 1 > + P ( 2 ) ) - P ( 1 ) * A (  1 , 2 )  
A ( 2 » 3 ) = A ( 2 , 3 ) / A ( 2 , 2 )
B ( 2 ) = B ( 2 ) / A ( 2 ,  2 )
DC 4 K = 3 » M M
A ( K , 2 ) = 2 . * ( P ( K - 1 ) + P ( K ) ) - P C K - I ) * A ( K - l , 3 )  
B ( K ) = B ( K ) - P ( K - l ) * f i ( K —1)
A ! K » 3 ) = P ( K ) / A ( K » 2 )
4 B I K ) = B ( K ) / A ( K » 2 )
G = C (*•' -  2 ) /  C ( M - 1  )
A( M, 1 )  = A( M-2 » 3 )
A ( M , 2 ) = D ( M - 2 ) - A ( M ,  1 ) * A ( M - 1 , 3 )
B ( M ) = 8 ( M - 2 ) - A ( M , 1 ) * B ( M - 1)
Z ( M ) = E ( M ) / A ( M , 2 )
MN=M-2 
DO 6 1 = 1 , MN 
K=M- I
6 Z ( K ) = B ( K ) - A ( K » 3 ) * Z ( K + 1 )
Z ( l ) = - A ( 1 , 2 ) * Z ( 2 ) - A ( 1 , 3 ) * Z ( 3 )
DC 7 K = I , MM 
C = 1 . / ( 6 . * D ( K ) )
C ( 1 » K ) =  Z ( K ) * C  
C < 2 , K ) = Z ( K + L ) * G  
C ( 3 , K ) = Y ( K ) / C ( K ) —Z ( K ) * P ( K )
7 C ( 4 , K ) = Y ( K + 1 ) / C ( K ) - Z ( K + l ) * P ( K )
RETURN
END
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* * * * * * * * *  V . I . K . S .  COMPUTER CENTER * # # * * * * * #
SUBROUTINE SPL I N ( X , Y , M, C, X I N T , Y I N T ) 
DI  PENS ICN X { 1 ) , Y ( 1 ) , C < 4 , 1 )  
I F ( X I N T - X ( 1) ) 7 , 1 , 2
1 YINT = Y( 1 )
RETURN
2 K= 1
3 I F t X I N T —X( K+1 )  ) 6 ,  4 ,  5
4 YI NT = Y ( K + 1)
RETURN
5 K=K+1
I F ( P - K ) 7 , 7 »  3
6 F AC1 = X( K+ 1 ) “ XINT 
FAC2=XI NT- X( K }
FAC3=FAC1*FAC1
FAC4=FAC2*FAC2
YI NT = F AC1 # ( C( 1 , K ) * F A C 3 + C ( 3 , K )  ) 
Y I N T = Y I N T + F A C 2 * ( C ( 2 , K ) *FAC4 + C ( 4 , K ) ) 
RETURN
7 Y I N T = 0 . 0  
RETURN 
ENC
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PROGRAM HYPSOPRISM
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* * * * * * * * *  V . I . M . S .  COMPUTER CENTER * * * * * * * * *
C PROGRAM HYPSOPRISM
C COMPUTES FLOOD AND EBB T I D mL PRISMS IN BASINS  
C DESCRIBED BY HYPSOMETRIC FORMULA.
C PARAMETER INPUT CONSISTS OF FORMULA CONSTANTS,  R AND Z,
C PLUS HEIGHT AND AREA EXTREMA FOR THE DRAINAGE BASI N.
C DATA INPUT CONSISTS OF HEIGHT EXTREMA DURING A GIVEN TIDAL 
C CYCLE,  BEGINNING WITH LOW WATER.
C SUBROUTINE SPLI C REQUIRED
DIMENSION X ( 5 0 ) , Y ( 5 0 ) , A ( 5 0 ) , C ( A , 5 0 )
FORM( H P ) = R* ( I . - ( l . - H P ) * * Z ) / ( R  + < ( 1 . - H P ) * * Z ) * C I . - R ) )
TRAN( H ) = { H- HMI N) / ( HMAX-HMIN)
£ * * * * * * * * * * * * * * * * * * * * * * *
C READ PARAMETERS
q* * * * * * * * * * * * * * * * * * * * * * * *
READ( 2 , 2 5 )  HMAX, HMIN, AMAX, AM IN , Z, R 
25 F O R M A T ( F 3 . 2 , 1 X , F 3 . 2 , 1 X , F 6 . 0 , 1 X , F * . 0 , 1 X , F 3 . 2 , 1 X , F 4 . 3 I  
Z = l . / Z
C READ DATA
C * * * * * * * * * * * * * * * *
100  READ( 2 , I ) XLW1, HW, XLW2, DA, TE
1 F O R M A T ( F 3 . 2 , I X , F 3 . 2 , 1 X , F 3 . 2 » 1 X » 2 A 4 )
I F ( HW) 5 0  * 5 0 ,  5 I
q * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * *
C TRANSFORM TO DIMENS IONLESS HEIGHTS
q* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
51 HP1=TRAN( XLW1)
HP2=TRAN(HW)
HP3 = T RAN( XLW2)
0BNK=0• 0  
I F ( HP 1 ) 2 , 2 , 3
2 H P 1 = 0 . 0 2
3 I F ( HP 2—1 • 0 ) 4  * 4 » 5
Q * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C COMPUTE 0VER8ANK VOLUMF 
£ * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * *
5 OBNK=( (HMAX-HMIN)*(AMAX-AMIN) +AMI N*( HMAX-HMIN) ) * ( H P 2 - 1 .  
H P 2 = 1 . 0
A I F ( h P 3 ) 6 , 6 , 7
6 H P 3 = 0 . 0 2
7 CONTINUE 
X( 1 )  = HP 1 
DHP1 = H P 2 - H P 1 
N = D H P l / . 0 2  
DO 8 1 = 1 , N
X ( I + 1 ) = X( I ) + . 0 2
8 CONTINUE
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
228
PAGE 2
N=N+1 
X ( N ) =HP2 
NCUT=0 
DO 9 1 = 1 , N 
HP=X( I )
Y C I ) = FORM( H P )
9 CONTINUE
C  ❖ «  £  *  *  :Js ❖ *  ❖ t-  *  -S «  #  =1: *  «  £  #  *  *  ❖ ❖ £  #  ♦  #  *  *  #  #  *  *  $  £  ❖ *  £  *  #  $  $  $  #  #  *  *  *
C CALL SUBROUTINE S P L I C ,  COMPUTE CHANNEL VOLUMES
CALL S P L I C ( X , Y , N , C )
E P A = 0 . 0
NP=N-1
DO 10 1 = 1 , NP 
X1 = X( I  + l ) - X ( I  )
X2=X1*X1 
X4 = X2♦X2
A ( I ) = 0 . 2 5 * X 4 * ( C ( 1 , I ) + C ( 2 , I ) ) + 0 . 5 * X 2 * ( C < 3 , I ) + C ( A , I ) )
EPA= EPA+A( I )
10 CONTINUE
I F ( NCUT) 1 3 , 1 3 , 1 4
13 FPA=EPA 
X ( 1 ) =HP3 
DHP2 = HP2- HP 3 
N = D H P 2 / . 0 2  
DO 11 1 = 1 , N
X I I + 1 ) = X ( I ) + . 0 2
11 CONTINUE 
N=N+ 1
X ( N ) = HP2 
DO 12 I = 1 , N 
HP=X( I )
Y ( I ) = FORM( H P )
12 CUNT INU E 
NCUT = 1 
GO TO 9
C PRINT RESULTS
14 F PA= F P A * ( AMAX-AM I N ) * ( HMAX-HMIN) +AMI N*( HMAX-HMIN) *DHP1 + OBNK 
EPA=EPA*(AMAX-AM I N ) * ( HMAX-HMIN J +AMI N*( HMAX-HMIN) *DHP2+08NK 
RES=FPA- EPA
P G A = 2 0 0 . * A B S ( R E S ) / ( FPA+EPA)
WRI TE( 5 ,  l b )  D A , T E , F P A , E P A , R E S , PGA, XLW1 , HW, XLW2
15 F O R M A T ( / / 1 X , 2 A 4 , I X ,  * FLQOD= • , F 1 0 . 3 , 1 X, • EBB= • , F 1 0 . 3 , / I O X , • RESIDl  
1= ' , F 1 0 . 3 , I X , * P G A =  ' , F 8 . 3 , / 1 0 X , ' L W l  = • , F 5 . 2 , 1 X, *HW= » , F 5 . 2 , 1 X , M  
2= * , F 5 . 2 )
GO TO 100  
5 0  CALL EXIT 
END
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* * * * * * * * *  V . I . M . S .  COMPUTER CENTER
C PROGRAM SAT I CE
C FCR SPECTRAL A N A L Y S I S  OF T I M E  SEQUENTI AL T I D A L  HE I G H T S  
C PROGRAM OPERATES CN DATA VECTOR OF LENGTH 2 # 2 * * M ,  3 < M < 2 0  
C PROGRAM FORMS VECTOR CF T I M E  SEQUENTI AL  DATA BY QUEUI NG COLUMNS OF 
C ONE OR MORE I NPUT  ARRAYS» A ( A 5 , 9 ) ,  FORMAT ( 9 F A . 2 )
C I N P U T  I S  T I D A L  H E I GHT  I N  F E E T , T E N T H S , H U N D R E D S , OUTPUT I S  M E T R I C ( C M )
C THE PROGRAM RECUI RES S Y S T E M / 3 6 C  SSP RHARM AND HARM SUBROUTI NES  
C ST ,  AT , C , X= S T A T I O N  NAME( A A A )
C MCI  = S T A R T I N G  MONTH( 12 ) , NDA1 = ST ART I NG D A Y ( 1 2 ) , NYR1  = START I  NG Y E A R ( 1 2 )
C I T M 1 = S T A R T I N G  T I M E ,  H R S * 1 C ( I 3 )
C MC2= END I NG M C N T H ( 1 2 )  »NCA2 = ENDI NG DAY( 1 2 ) , N Y R 2 = E N D I N G  Y E A R ( 1 2 )
C I T M 2 = E N C I N G  T I M E , H R S * 1 C ( 1 3 )
C N S I = S A M P L I N G  I N T E R V A L , H R S * 1 C ( 1 2 )
C I N D A = I N C L U S  I V E  N C .  D A Y S ( 1 3 )
C M= RHARM DATA VECTOR S I Z E  P A R . ( 1 2 )
C NP = NO.  NC N - Z E R C  RAW DATA P OI N T S  FOR I N P U T ( I A )
C NBANS= NC.  CF F REC.  BANCS DES I RE D FOR 0 U T P U T ( I 3 )
C WHERE NBANS* BANDWI CTH F ACTOR*  2 * * M
C BANDWI CTH FACTOR3 NC.  D I S C R E T E  HARMONI C COMPONENTS I N  EACH BAND 
D I M E N S I O N  A ( 3 0 0 0 ) , I N V ( 3 C 0 ) , S ( 3 0 C ) , Q ( 3 C 0 , 2 ) , P ( 3 0 0 ) , R ( 1 5 0 0 )
N=5
L=6
C * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C READ T I T L E  CARD
C * * * * * * * * * * * * * * * * * * * * * * * * * * * *
R E A D ! N 5 I )  S T , A T , 0 , X „ M 0 1 , NDA1 , N Y R 1 , 1 T M I , M 0 2 , N D A 2 , N Y R 2 , 1 T M 2 , N S I , I N D A  
I , M , N P , N B A N S
1 F O R M A T ( A A A , 2 ( I X , 3 1 2 , I X ,  I  3 ) , I X , 1 2 , I X , I  3 , I X , 1 2 , I X , I  A , I X , 1 3 )
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C TEST I NP UT  FCR C O N T I N U I T Y
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
N E T = ( ( I N C A - 1 ) * 2 A ) * ( 1 0 / N S I ) + ( I T M 2 - I T M 1 ) / N S I + 1  
I F ( N P - N E T  ) 2 , 3 , 2  
3 I F ( N B A N S - ( 2 * 2 * * M  + 2 ) / 8  ) 6 1 , 6 1 , 1 0 0
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C READ RAW CA T A ,  CONVERT TO MET RI C
C * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * *
NET = ( NF - l , V A
DC A J= I , N E T
K=( J - l ) * A 0 5
DO 5 1 = I ,  A5
11= I + K
12 = A 5 + I +K
13= 2 * A 5 ♦ I + K
I A = 3 * A 5 ♦  I + K
15= A * A 5 ♦  I  + K
16= 5 * A 5 ♦ I + K
17= 6 * A 5 ♦  I + K
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I 8 = 7 * 4 5 + I + K  
1 9 = 8 * 4 5 * I + K
RE AC ( N ,  6 )  A ( I 1 ) , A ( I 2 ) , A < I 3 ) , A ( I 4 > , A ( I 5 > , A { I 6 ) , A ( I 7 > , A U 8 > , A ( I 9 )
6  F O R M A T ( 9 F 4 . 2 )
5 C C NT I N UE
4 C C N T I N U E
N E T = ( N P - 1 ) * N S I / 1 0  
DC 9 0  1 = 1 , NP 
A { I ) = A ( I ) * 3 0 . 4 8  
9 0  C C NT I N UE
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C REMOVE L I N E A R  T REND ,  ACJUST DATA TO MEAN ZERO 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
S X = 0 .
S X 2 = 0 .
S Y = 0 .
S X Y = 0 .
DO 7 1 = 1 , NP 
S X = S X + I  
S X 2 = S X 2 + 1 * 1  
S Y = S Y + A ( I )
S X Y = S X Y + I * A ( I )
7 CO NT I NUE  
X B A R = S X / N P  
Y D A R = S Y / N P  
S X Y = S X Y - X B A R * S Y  
S X 2 = S X 2 - X B A R * S X  
B = S X Y / S X 2  
C = Y B A R - B * X B A R  
DO 8 1 = 1 , NP
A ( I ) = A ( I ) - B * I - C
8 CO NT I NUE
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C APPLY CATA WI NDOW,  ACC Z E R O E S , COMPUTE V ARI ANCE  
£ * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * *
J = N P / 10
K = N P - J
DO 9 1 = 1 , J
A R G 1 = 3 . 1 4 1 5 9 2 7 * I / J
A R G 2 = 3 . 1 4 1 5 9 2 7 * ( N P - I - K J / J
A l l  ) = A(  I  > * . 5 * C  l . - C O S l  ARC-1)  )
I N = I + K
A ( I N )  = A l I N ) * . 5 * 1 1 • - C O S ( ARG2 ) )
9  C C NT I N UE  
N T = 2 * ( 2 * * M I  
N Z 1 = N T - N P  
N Z 2 = N Z 1 - N Z 1 / 2  
N Z 1 = N Z 1 - N Z 2  
N Z 2 = N P + N Z 1+1  
S A = 0 .
S A 2 = 0 .
DC 11  1 = 1 , NP 
I N = N Z 2 - I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
232
PAGE 3
I C = N P - I * 1  
A ( I N ) = A ( 10 )
SA=SA+ACI N)
S A 2 = S A 2 * A < I N ) * * 2
11 CONTINUE  
V A B = ( S A 2 - S A * * 2 / N T ) / N T  
DC 12 1 = 1 , NZ1
A( I ) =0.
12 CCNTI NUE
DO 13 I = NZ 2 »  NT 
A < I ) = 0 .
13  CCNTI NUE
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C CALL RH ARM t COMPUTE PCWER SPECTRA 
C * * * * 4 . * # * # * * * * * * * * * # * * * * * * * * * * * * * * # * * * *
CALL R H A R M ( A , M , I N V , S , I F E R R )
I FJ I F E R R ) 1 0 0 , 9 3 , I C O  
9 3  J=1
SVAR=0.
DO 15 1 = 1 , N T , 2
R ( J ) = A ( I + 2 ) * * 2 + A ( I + 3 ) * * 2
R{ J ) = R ( J ) / 2 .
SVAR=SVAR+R( J )
J=J  + 1
15 CONTINUE 
N T = N T / 2
4 3  NI B=NT/ NBANS  
K=1
DO 16 1 = 1 , NBANS 
PCW=0.
DO 17 J = 1 , N I B  
PCW=PCW*R(K)
K=K+1  
17 CONTINUE 
P ( I ) =PCW
SI  I  ) = I * N I B * 5 . C / I N T * N S I )
16 CCNTI NUE  
C * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * *
C PRI NT RESULTS
W R I T E ( L , 2 1 ) S T , A T , C , X , M 0 1 , N C A 1 , N Y R 1 , I T M 1 , M02  ,NDA2 ,NYR2 , 1 T M 2 , N S I , N E  
I T , V A R , N I B
2 1  F C R M A T I / / 1 X , ' P R O G R A M  S A T I C E  OUTPUT ' , / l X , ' S T A T I O N  NAME= ' , 4 A 4 , / 1 X ,  
1 ' ST ART I NG DATE= ' ,  12 ,  ' /  ' , 1 2 , ' /  ' ,  12 , 3 X , ' H R S * 1 0 =  • ,  I  3 , / 1 X , • END I NG DA 
2 T E =  ' , 1 2 , • / • , 1 2 , • / • , 1 2 , 3 X , ' F R S * 1 0 =  ' , I  3 , / l X , • SAMPLI NG I N T E R V A L I H R S  
3 * 1 0 ) =  ' , 1 2 , / I X , ' S E R I E S  L E N G  T h l H R S ) = ’ , I  5 , / I X , • VARI ANCE OF S E R I E
4S I SG »CM• ) =  * , F 1 5 . 5 , / / I X ,  ' BANDWI DTH F ACTOR3 ' ,  I  3 , / / I X , ' FREQUENCY I CP 
5 H ) * , 3 X , ' P E R  I C C ( H R S ) ' , 2 X , ‘ VAR I A N C E I S Q . C M . ) • , 2 X , ' P E R C E N T  OF T O T A L * , /  
6 1 X)
DC 22 1 = 1 , NBANS 
P R C = 1 . / S ( I )
P C = P < I ) / S V A R * 1 0 0 .
W R I T E I L , 2 3 )  SI  I ) , P R C , P I  I ) , P C
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2 3  F C R M A T ( 2 X , F 9 . 7 , 8 X , F 8 . 4 , 5 X , F 9 . 4 , 8 X , F 8 . 5 )
P ( I  ) = A L C G ( P ( I ) )
2 2  C O N T I N U E
WRI T  E ( L » 2 4 )  SVAR
2 4  F 0 R N A T ( / 1 X , ‘ T CT AL  V A R I A N C E  FOR ALL F R E Q U E N C I E S *  * . F 1 5 . 5 )
WR I T  E ( L , 3 3 )
3 3  F C R M A T ( / / / I X , • F R E C . ( C P H ) * , 3 5 X , ‘ LOG V A R I A N C E  ( S Q . C M . ) * )
CALL P L C T 2 ( N B A N S , P , P » S » C . C , 0 . 0 » 0 . 0 j C . 0 * 0 . 0 * 0 . 0 )
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C READ A C C I T I C N A L  NBANS S P E C I F I C A T I O N  D E S I R E D  
C FCR D I S C R E T E  HARMCNI C O U T P U T ,  SET N B A N S = 2 * * M
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
RE A C( N , 4 2 )  NBANS  
4 2  F ORMAT ( 1 4 )
I F ( N B A N S ) 1 0 0 , 1 0 0 , 4 4  
4 4  I F ( N E A N S - 2 * * M ) 4 3 , 2 5 , 2 5  
2 W R I T E ( L , 2 6 )
2 6  F 0 R M A T ( / 1 X , • I N P U T  CATA ARE NOT C O N T I N U O U S / I X , • PROGRAM CANCELLED*  
I )
GO TO 1 0 0
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
C P R I N T  D I S C R E T E  HAPMCNLC DATA  
£ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
2 5  N I B = 1  
J = 1
WRI T  E ( L , 1 0 2 )
1 0 2  F C R N A T ( / / I X ,  ‘ L I S T I N G  OF D I S C R E T E  HARMONI C DATA • , / / l X , ' P E R I O D ( H R S ) * 
1 , 3 X , ‘ V A R I A N C E * , 3 X , ' P E R C E N T  OF T O T A L * , 6 X , ' A M * , 6 X , * 0 M ' , 8 X , * P H I  • )
I F ( N B A N S - 3 5 0 ) 1 0 3 , 1 0 3 , 1 0 4
1 0 4  N B A N S = 3 5 0
1 0 3  DO 1 0 1  1 = 1 , NBANS 
P R C = N T * N S I / ( I * N I B * 5 . 0 )
P C = R ( I ) / S V A R * 1 0 0 • 0  
A C = A ( J + 2 )
B C = A ( J + 3 )
A R G = - E C / A C  
P H I = A T A N ( A R G )
J=  J + 2
WRI T  E ( L , 1 0 5 )  P R D , R ( I ) , P C , A C , B C , P H I
1 0 5  F 0 R M A T ( / 2 X , F 9 . 4 , 4 X , F 9 . 4 , 5 X , F 8 . 5 , 8 X , 2 F 8 . 3 , 3 X , F 7 . 4>
1 0 1  C C N T I N U E
1 0 0  CALL E X I T  
ENC
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Jo h n  D a n ie l  B oon, I I I
B om  in  A u s t in ,  T e x a s , J a n u a ry  29 , 1940 . G ra d u a te d  
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G e o lo g y ) . A tte n d e d  U n i v e r s i t y  o f  W ash in g to n  a s  a  g r a d u a te  
s tu d e n t  i n  o c e a n o g ra p h y , 1 9 6 2 -1 9 6 3 ; r e c e iv e d  th e  M.A.
, d e g re e  in  m a r in e  s c i e n c e  a t  t h e  V i r g i n i a  I n s t i t u t e  o f  
M arin e  S c ie n c e  th ro u g h  t h e  C o lle g e  o f  W il l ia m  and M ary, 
J u n e , 1968 .
The a u th o r  s e rv e d  i n  th e  C om m issioned C orps o f  th e  
U n ite d  S t a t e s  C o a s t  and G e o d e tic  S u rv ey  ( p r e s e n t l y  th e  
N a t io n a l  O cean S u rv e y , N a t io n a l  O c ea n ic  and A tm o sp h e ric  
A d m in is t r a t io n )  from  1 9 6 3 -1 9 6 9 ; r e s ig n e d  i n  A p r i l  1969 a t  
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